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ABSTRACT
ASYMMETRIC REDUCTIONS BY CHIRAL 
LITHIUM ALUMINUM HYDRIDE AND POTASSIUM BOROHYDRIDE REAGENTS
by
Edw ard R. G ra n d b o is  
U n i v e r s i t y  o f  New H a m p s h ire , S e p te m b e r , 1981
A c h i r a l  a m i n o t r i o l ,  t r i s - [ ( S ) - 2 - h y d r o x y p r o p y l ] a m in e  (1 ) w as s y n th e ­
s i z e d  from  ammonia and t h r e e  e q u i v a l e n t s  o f  ( S ) - p r o p y le n e  o x id e .  The t r i o l  
was a llo w e d  t o  c o n d e n se  w i th  b o r i c  a c id  t o  fo rm  a  b i c y c l i c  b o r a t e  [(S_,S_,S)- 
t r i i s o p r o p a n o la m in e  b o r a t e ,  2 ]  w h ic h  was a llo w e d  t o  r e a c t  w i th  a  s u s p e n s io n  
o f p o ta s s iu m  h y d r id e  in  t e t r a h y d r o f u r a n  t o  fo rm  a  b o r a t e  h y d r id e  [p o ta s s iu m  
( £ £ ,S ) - t r i i s o p r o p a n o l a m in e  b o r a t e  h y d r i d e ,  3 ] .  P ro p io p h e n o n e  w as re d u c e d  
to  o p t i c a l l y  a c t i v e  a l c o h o l  In  14% e n a n t io m e r ic  e x c e s s  ( e e )  (R) b y  3 i n  THF.
By r e a c t i o n  o f  n - b u ty l a m i n e , _ t-b u ty la m in e  an d  (R) -  a n d  (S) - 1 - p h e n y l -  
e th y la m in e  w i th  tw o e q u i v a l e n t s  o f  (£3) - p r o p y le n e  o x id e  o r  e t h y l e n e  o x id e  
f i v e  c h i r a l  a m in o d io ls  w ere  p r e p a r e d :  N - n - b u ty l - b i s - [ ( S ) - 2 - h y d r o x y p r o p y l ] -
am ine (4 )  , N -[  (R) - 1 - p h e n y l e t h y l ]  - b i s - ( 2 - h y d r o x y e th y l )  am ine (5 )  , N - [ (R) - 1 -  
p h e n y le th y l ]  - b i s - [ ( S )  -2 -h y d ro x y p ro p y l] a m in e  (6 ) , N -[ ( S ) - 1 - p h e n y l e t h y l ] - b i s -  
[ 0 0 -2 -h y d r o x y p ro p y l] a m in e  (7 ) and N -[ t e r t - b u t y l ]  - b i s - [ (S )  - 2 - h y d r o x y lp r o p y l ]  
am ine (8 ) .
The a m in o d io ls  w ere  added  t o  e t h e r e a l  l i t h i u m  alum inum  h y d r id e  (LAH) 
to  p ro d u c e  c h i r a l ,  m o d if ie d  LAH r e a g e n ts  w h ich  w ere  u s e d  to  r e d u c e  p r o -  
c h i r a l  k e to n e s .  T he m o d if ie d  LAH r e a g e n t s  fro m  l ig a n d s  4 , 5 , 6  and 7
x i i
q u a n t i t a t i v e l y  re d u c e d  a c e to p h e n c n e  [4 4 % ee(R ), 1 0 % ee (S ), 35%ee(R) and 
82%ee(R) , r e s p e c t i v e l y ]  and  p ro p io p h e n o n e  [57% ee(R) , 10% ee(S) , 19%ee(R) 
and 77% ee(R ), r e s p e c t i v e l y ] . A g e n e r a l  a d d i t i v i t y  o f  a sy m m e tr ic  in d u c t io n  
due t o  t h e  c h i r a l  c e n t e r s  i n  t h e  c a r b i n o l  and  n o n c a r b in o l  arm s o f  t h e  
l ig a n d s  was p e r c e i v e d ,  w i th  7 o p t im iz in g  t h e  i n d u c t iv e  i n f l u e n c e s .  The 
d i r e c t i o n  o f  t h e  a sy m m e tr ic  i n d u c t io n  was r a t i o n a l i z e d  by m eans o f  a  
s t e r e o c o r r e l a t i o n  m o d el i n  w h ic h  th e  k e to n e  i s  c o o r d in a te d  w i th  a  l i t h iu m  
c a t io n  t h a t  i s  s im u l ta n e o u s ly  c o o r d in a te d  w i th  th e  n i t r o g e n  and  two o x y g en s  
o f  t h e  a m in o d io l  l i g a n d  ( i n  t h e  fo rm  o f  a  d ia lk o x y d ih y d r io d o a lu m in a te ) .
U nique and u n p r e d i c t a b l e  b e h a v io r  was o b s e rv e d  w i th  th e  LAH r e a g e n t  
from  8 .  The e n a n t io m e r ic  c o m p o s i t io n  was o b s e rv e d  t o  v a ry  w i l d ly  [83% ee(R) 
to  3 2 % ee(S )] i n  ro u g h ly  c o m p a ra b le  r e d u c t io n s  o f  p r o p io p h e n o n e . T h is  
s t r a n g e  b e h a v io r  h a s  n o t  b e e n  f u l l y  r a t i o n a l i z e d .
I . HISTORICAL
I n t r o d u c t i o n
As t h e  demand f o r  m ore e c o n o m ic a l  and  e f f i c i e n t  r o u t e s  to  n a t u r a l
p r o d u c t s , p h a r m a c e u t ic a l s  and  many o t h e r  c h i r a l  o r g a n ic  com pounds h a s
i n c r e a s e d ,  a sy m m e tr ic  s y n t h e s i s  h a s  a c q u i r e d  a  m ore p ro m in e n t  p o s i t i o n
and i s  t h e  s u b j e c t  o f  i n t e n s i v e  c u r r e n t  r e s e a r c h .  A sym m etric  s y n t h e s i s
h a s  b e e n  d e f in e d  a s  " a  r e a c t i o n  i n  w h ic h  an  a c h i r a l  u n i t  i n  an  e n sem b le
o f  s u b s t r a t e  m o le c u le s  i s  c o n v e r te d  by a  r e a c t a n t  i n t o  a  c h i r a l  u n i t
i n  su c h  a  m anner t h a t  t h e  s t e r e o i s o m e r i c  p r o d u c ts  a r e  p ro d u c e d  i n  
"1u n e q u a l  a m o u n ts . Of t h e  m eth o d s  a v a i l a b l e  f o r  o b t a in in g  o p t i c a l l y  
a c t i v e  m a t e r i a l s ,  a sy m m e tr ic  s y n t h e s i s  i s  a t t r a c t i v e  b e c a u s e  t h e o r e t i ­
c a l l y  i t  a l lo w s  a l l  o f  a  p r o c h i r a l  s u b s t r a t e  to  be  c o n v e r te d  to  a  
d e s i r e d  o p t i c a l  i s o m e r .  T h is  i s  i n  c o n t r a s t ,  f o r  e x a m p le , t o  c l a s s i c a l  
r e s o l u t i o n  o r  k i n e t i c  r e s o l u t i o n  w h e re  t h e  maximum y i e l d  i s  50% o f  a 
d e s i r e d  i s o m e r .  T h u s , i n  te rm s  o f  t h e  e f f i c i e n c y  o f  c o n v e r s io n  o f  
i n t e r m e d ia t e s  to  d e s i r e d  p r o d u c t  an  a sy m m e tr ic  s y n t h e s i s  i s  a  s u p e r i o r  
s t r a t e g y .
The d i f f e r e n t  a p p ro a c h e s  u t i l i z e d  i n  a sy m m e tr ic  s y n t h e s i s  h a v e
1 -7b e e n  e x t e n s i v e l y  r e v ie w e d .  One o f  t h e  m o st f r e q u e n t l y  s t u d i e d  
a sy m m e tr ic  r e a c t i o n s  i s  t h e  r e d u c t io n  o f  k e to n e s  to  o p t i c a l l y  a c t i v e  
2° a l c o h o l s .*  The m o s t s u c c e s s f u l  and  w id e ly  u s e d  a p p ro a c h  to  t h i s  
p ro b lem  i s  t o  u s e  l i t h i u m  alum inum  h y d r id e  (LAH) m o d if ie d  by an
* In  a  much l e s s  common v a r i a t i o n ,  d e u te r iu m  l a b e l e d  a ld e h y d e s  o r  
u n la b e le d  a ld e h y d e s  h a v e  b e e n  re d u c e d  to  c h i r a l  l a b e l e d  a lc o h o l s  by 
u n la b e le d  o r  l a b e l e d  c h i r a l  r e a g e n t s ,  r e s p e c t i v e l y .
1
2o p t i c a l l y  a c t i v e  compound a s  t h e  a sy m m e tr ic  r e d u c in g  a g e n t .
A lc o h o l M odifed  L i th iu m  Aluminum H y d rid e
M onohydroxy A lc o h o ls
The f i r s t  r e p o r t  o f  a n  a sy m m e tr ic  r e d u c t io n  o f  k e to n e s  a p p e a re d
g
i n  1951 w i th  B o th n e r - B y 's  c la im  t h a t  h e  h ad  a s y m m e tr ic a l ly  re d u c e d
m e th y l e t h y l  k e to n e  (MEK) and  m e th y l  t e r t - b u t y l  k e to n e  w i th  LAH
9
p a r t i a l l y  r e a c t e d  w i th  d ^ cam p h o r, 4_.* I t  was l a t e r  fo u n d  t h a t  th e  
o p t i c a l  a c t i v i t y  o f  t h e  p r o d u c ts  o f  t h e s e  r e d u c t io n s  was due  to  th e  
p r e s e n c e  o f  s m a l l  am oun ts o f  c ^ - is o b o rn e o l .  One e x p la n a t io n  f o r  th e  
c o m p le te  l a c k  o f  asym m m etric  i n d u c t io n  was t h e  p o s s i b l e  r e d i s t r i b u ­
t i o n  o f  t h e  i n t e r m e d i a t e  c h i r a l  a lk o x y a lu m in u m  h y d r id e  c a u s in g  th e  
a c t u a l  r e d u c in g  a g e n t  to  b e  LiAlH^ a s ,  f o r  e x a m p le , i n  F ig u r e  1 .
C e rv in k a  a l s o  r e p o r t e d  f a i l u r e  i n  a n  a t t e m p t  to  a s y m m e tr ic a l ly  r e d u c e  
k e to n e s  w i th  LAH p a r t i a l l y  decom posed  by ( - ) - m e n th o l ,  1_, o r  ( + ) - b o r n e o l
2 . . ^  T h e re  i s ,  h o w e v e r , one  r e p o r t  o f  t h e  s u c c e s s f u l  r e d u c t io n  o f  an  
a l i p h a t i c  k e to n e  by LAH m o d if ie d  by su c h  a  m onohydroxy a l c o h o l .  M inou ra  
r e p o r t e d  h a v in g  re d u c e d  MEK t o  m e t h y le t h y lc a r b in o l  i n  c a .  2% e n a n t i o ­
m e r ic  e x c e s s  ( e e )  by u s in g  LAH m o d if ie d  by ^ -c a m p h o r , 4 _ .^
C o n s id e ra b ly  m ore a sy m m e tr ic  i n d u c t io n  was r e a l i z e d  when a -  and B- 
d ia lk y la m in o  k e to n e s  w e re  r e d u c e d  by  LAH p a r t i a l l y  decom posed by 3 
e q u iv a l e n t s  o f  ( - ) - m e n th o l ,  1 .^ W ith  t h i s  r e a g e n t  A n g e lo n i o b ta in e d
am ino a l c o h o l s  i n  7 7 .5  and  95% e e  from  t h e  r e d u c t io n  o f  g -d im e th y la m in o -
12 13p ro p io p h e n o n e  and  a -m o rp h o lin o a c e to p h e n o n e , 5ja, r e s p e c t i v e l y .  * 
G e n e r a l ly ,  e e  v a lu e s  i n c r e a s e d  w i th  d e c re a s e d  r e a c t i o n  te m p e r a tu r e
* T h is  i s  ro u g h ly  e q u iv a l e n t  to  m o d i f i c a t i o n  w i th  ( + ) - i s o b o r n e o l  s in c e  
t h e  LAH r e d u c t io n  o f  cam phor g iv e s  a p p ro x im a te ly  a  9 0 :10 r a t i o  o f  
i s o b o r n e o l : b o r n e o l .
L1A1H4 +  R*OH 
2 L1A1H3 (0R*)
2 LiAlH2 (OR*)2
L iA lH 3 (OR*) 
L1A1H2 (0R *)2 + L iA lH 4
LiA lH 4 +  L iA l(O R *)4
F ig u r e  1 .  R e d i s t r ib u t io n ,  o f  l i t h i u m  a lk o x y a lu m in u m  h y d r id e  
i n t e r m e d i a t e s .
4and d e c r e a s e d  w i th  i n c r e a s i n g  b u lk  o f  t h e  s u b s t i t u e n t  a  t o  t h e  c a rb o n ­
y l  g ro u p  (Me < Ph < _t-Bu) . T h e re  w as a  c u r io u s  r e v e r s a l  in  t h e  d i ­
r e c t i o n  o f t h e  a sy m m e tr ic  i n d u c t io n  when t h e  r e a c t i o n  te m p e r a tu r e  was 
changed  from  0 t o  -78°C  i n  th e  r e d u c t io n  5 b - 5 e . No e x p la n a t io n  f o r  
t h i s  phenom enon was o f f e r e d .  The g e n e r a l l y  h ig h  % e e s  o b ta in e d  w i th  
t h e s e  s u b s t r a t e s  and t h e  f a c t  t h a t  r e d u c t io n  o f  5f_ r e s u l t e d  in  s i g ­
n i f i c a n t  a sy m m e tr ic  i n d u c t io n  (44% ee) b u t  5g gave  a  r a c e m ic  p r o d u c t  
s u g g e s t  t h a t  t h e  n i t r o g e n  o f  t h e  k e to b a s e  p a r t i c i p a t e s  in  t h e  t r a n ­
s i t i o n  s t a t e .
A lth o u g h  Y am aguchi was u n a b le  t o  r e p r o d u c e  some o f  th e  h ig h  o p t i c a l  
y i e l d s  r e p o r t e d  by A n g e la n i ,  h e  was a b le  t o  s p e c i f y  t h e  f u n c t i o n  
of th e  am ino g ro u p . I n  a  s tu d y  o f  t h e  r e d u c t io n  o f a  s e r i e s  o f  w- 
s u b s t i t u t e d  a l k y l  p h e n y l  k e to n e s  (P hC C K C I^^Y ; n  = 1 - 4 ;  Y = H , Me, E t ,  SMe, 
OMe, NMe£) by L A H /3 - ( - ) -m e n th o l  i t  was c o n c lu d e d  t h a t  th e  L i  c a t i o n  c o o r ­
d in a te d  w i th  t h e  c a rb o n y l  g ro u p  and t h e  h e te r o a to m  (0  and N , b u t  n o t  
14S ) . T h e r e f o r e  t h e  r e d u c t io n  p ro c e e d e d  v i a  a  c y c l i c  t r a n s i t i o n  s t a t e  
th e  r i g i d i t y  o f  w h ic h  i s  d e te rm in e d  by  t h e  s i z e  o f  t h e  r i n g .  I t  was 
p o in te d  o u t ,  h o w e v e r , t h a t  e a s e  o f  c h e l a t e  r i n g  f o r m a t io n  d o es  n o t  
a lw ays r e s u l t  In  e n h a n c e d  s t e r e o s e l e c t i v i t y .
U sin g  LAH m o d if ie d  b y  ( - ) - m e n th o l ,  _1, ( + ) - b o m e o l ,  2_, (+ )  -hom o-
f e n c h y l a l c o h o l , 3 ,^ an d  ( + ) -c a m p h o r , 4 ,^ C e rv in k a  w as a b le  to  re d u c e
p y r r o l in iu m  s a l t s  and k e t im in e s  t o  t h e  c o r r e s p o n d in g  am in es  o f  low
o p t i c a l  p u r i t y . ^  ^  Two f i n d i n g s  in  t h i s  s tu d y  o f  t h e  r e d u c t io n  o f
p y r r o l in iu m  s a l t s  by m o d if ie d  LAH w a r r a n t  a t t e n t i o n .  One i s  th e
r e v e r s a l  in  t h e  s t e r e o c h e m is t r y  o f  t h e  p r o d u c t  when 3 r a t h e r  th a n  1
15 16o r  2 e q u iv a l e n t s  o f  m e n th o l  w ere  u s e d .  * More s i g n i f i c a n t  i s  th e  
f in d in g  t h a t  t h e  u s e  o f  1 e q u iv a l e n t  o f  t h e  sod ium  a l c o h o l a t e  o f  m e n th o l
5O 
II
R - C - C H g - N R g
NR',
a  Ph / — V-N O
W
b t-B u rN
\











( - ) -M e n th o l,  1_ ( + ) - B o r n e o l ,  2_
(+) -H o m fffe n c h y la lc o h o l, 3^ ( + ) -C am phor, 4_
7as a  m o d i f i e r  r e s u l t e d  in  a p p ro x im a te ly  t h e  same a sy m m e tric  i n d u c t io n  
a s  when m e n th o l  i t s e l f  w as u s e d . ^  T h is  was i n t e r p r e t e d  a s  s u g g e s t ­
in g  a  s e t  o f  e q u i l i b r i a ,  a r e  in v o lv e d  i n  r e a g e n t  f o r m a t io n ,  F ig u re  
2 .
L i A l H ,= ± :  LiH + A1H„3
NaOR +  NaAlH3 OR
F ig u re  2 .  E q u i l i b r i a  p ro d u c in g  th e  c h i r a l  r e a g e n t  when sod ium  
m en th o x id e  i s  u s e d  a s  an LAH m o d i f i e r .
M onohydroxy s u g a r  d e r i v a t i v e s ,  _6 and 7_, w ere  u s e d  by C e rv in k a
18as  LAH m o d i f i e r s  i n  k e to n e  r e d u c t io n s  w i th  l i t t l e  s u c c e s s .  The
r o t a t i o n s  o f  t h e  r e s u l t i n g  a lc o h o l s  r a n g e d  fro m  0 .1 8 °  f o r  p h e n y lm e th y l -
c a r b i n o l  t o  3 .8 °  f o r  p h e n y l- 1  - n a p h t h y l c a r b in o l .  Low e e  v a lu e s  w ere
a l s o  o b ta in e d  when p h e n y lm e th y l -  and t e r t - b u ty lm e th y lc a r b in o l s  w ere
16u sed  a s  m o d i f ie r s  in  t h e  r e d u c t io n  o f  k e to n e s .  H o w ev er, a s  a  r e s u l t  
o f  t h i s  s tu d y  i t  w as p ro p o s e d  t h a t  b e t t e r  r e s u l t s  w ere  o b ta in e d  when 
th e  s u b s t r a t e  c o n ta in e d  a  n i t r o g e n  a to m . C e rv in k a  b e l i e v e d  t h a t  a  
n i t r o g e n  atom  In  e i t h e r  t h e  s u b s t r a t e  o r  t h e  m o d i f i e r  w ou ld  c o o r ­
d in a t e  w i th  t h e  a lum inum  r e s u l t i n g  i n  a  m ore r i g i d  t r a n s i t i o n  s t a t e  
and t h e r e f o r e  g r e a t e r  a sy m m e tr ic  i n d u c t i o n .  The l a c k  o f  su c h  c o o r ­
d in a t io n  was g iv e n  a s  a  p o s s i b l e  r e a s o n  f o r  t h e  low e e  v a lu e s  in  t h e  
above m e n tio n e d  r e d u c t i o n s .
D ihydroxy  A lc o h o ls  
1 ,2  -D io  I s
In  an e f f o r t  t o  e l i m i n a t e  d i s p r o p o r t i o n a t i o n  o f  t h e  a lk o x y -
alum inum  h y d r id e ,  H a l l e r  and  S c h n e id e r  u se d  p i n a n e d i o l  a s  an LAH 
19 20m o d i f ie r .  * P re su m a b ly  a  b i d e n t a t e  l ig a n d  w ould  b e  l e s s  s u s c e p t i b l e
o4 "
1 , 2 : 3 ,4 - D i - O - i s o p r o p y l i d e n e -  
a - D - g a la c to p y r a n o s e ,  6_
OH
1 , 2 : 5 , 6 - D i - O - i s o p r o p y l id e n e -  
a - D - g lu c o f u r a n o s e ,  7_
9to  d i s p r o p o r t i o n a t i o n .  A s e r i e s  o f  b e n z y l  a l k y l  k e to n e s  was r e d u c e d .  
C i s  - p in a n e d io  1 ,  8_, g a v e  h ig h e r  % e e  v a lu e s  th a n  t h e  t r a n s  i s o m e r .
The b e s t  r e s u l t ,  32.8%  e e ,  was o b ta in e d  when n o rm e th a d o n e , 9_, was 
re d u c e d  w i th  LAH m o d if ie d  by  one e q u iv a l e n t  o f  c i s - p i n a n e d i o l  p lu s  
o n e  e q u iv a l e n t  o f  b e n z y l  a l c o h o l .  A lth o u g h  S_ a lc o h o l s  w e re  c o n s i s ­
t e n t l y  p ro d u c e d  when L A H /8 /b en zy l a l c o h o l  was u s e d  a s  th e .  r e d u c in g  
a g e n t ,  t h e  d i r e c t i o n  o f  t h e  s t e r e o s e l e c t i v i t y  r e v e r s e d ,  S_ to  R , i n  
g o in g  fro m  e t h y l  t o  n - p r o p y l  b e n z y l  k e to n e  when no b e n z y l  a l c o h o l  




( c h 3 )2m
Ph Ph
(1R ,2R ,3S  ,5R) - ( c i s )  - P i n a n e d i o l , 8_ N o rm e th a d o n e , 9
21Lund u s e d  s e v e n  t e r p e n i c  a l c o h o l s ,  1 0 - 1 6 . a s  LAH m o d i f i e r s .  
A ce to p h en o n e  was r e d u c e d  by th e s e  r e a g e n t s  in  v a r i o u s  s o lv e n t s  and  a t  
a  v a r i e t y  o f  t e m p e r a t u r e s . E n a n t io m e r ic  e x c e s s e s  o f  15% (S ) t o  30% 
(R) w ere  o b t a i n e d .  D io l  1(3 was s u p e r i o r  t o  a l l  o t h e r s .  The b e s t  
r e s u l t ,  30% e e ,  was o b ta in e d  when 1 .0  m o le  o f  k e to n e  was re d u c e d  by 
th e  r e a g e n t  p r e p a r e d  by d ro p w is e  a d d i t i o n  o f  a n  e t h e r  s o l u t i o n  o f  10  ^
( 2 .0  m o le s )  to  LAH ( 4 .6  m o le s )  i n  e t h e r  f o l lo w e d  by d ro p w is e  a d d i t i o n  
o f  e th a n o l  ( 8 .7  m o le s )  t o  d e s t r o y  e x c e s s  h y d r id e .
The r e s u l t s  o f  t h i s  s tu d y  w ere  d i s c u s s e d  i n  some d e t a i l  and  two
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f in d i n g s  d e s e r v e  m e n t io n in g  h e r e .  The te m p e r a tu r e  a t  w h ic h  t h e  r e a g e n t  
was p r e p a r e d  h ad  a  s i g n i f i c a n t  e f f e c t  on  t h e  o p t i c a l  y i e l d .  I n c r e a s ­
ed d i s p r o p o r t i o n a t i o n  and  in c o m p le te  r e a c t i o n  o f  a l c o h o l  w i th  LAH w ere  
g iv e n  a s  t h e  r e a s o n  f o r  d e c r e a s e d  o p t i c a l  y i e l d  a t  t e m p e r a tu r e s  h i g h ­
e r  and  lo w e r  th a n  20°C , r e s p e c t i v e l y .  I n  a  p a i r  o f  e x p e r im e n ts  w h ere  
t h e  r e a g e n t  was LAH/lO/EtOH ( 1 :1 : 1 )  i n  THF, S_ a l c o h o l  r e s u l t e d  when 
th e  r e d u c t io n  was ru n  a t  25°C and  It iso m e r  was p ro d u c e d  a t  6 6 °C . T h is  
was one  o f  t h e  f i r s t  r e p o r t s  o f  a  s t e r e o s e l e c t i v i t y  r e v e r s a l  a s s o c i a t e d  
w i th  r e a c t i o n  te m p e r a tu r e  i n  su c h  r e a c t i o n s .
L an d o r r e p o r t e d  t h e  u s e  o f  s e v e r a l  g lu c o s e  d e r i v a t i v e s , 1 7 - 1 9 ,  a s
2 2 -29LAH m o d i f i e r s  i n  th e  r e d u c t io n  o f a  v a r i e t y  o f  s u b s t r a t e s .  Low
o p t i c a l  y i e l d s  o f  l e s s  th a n  15% e e  w ere  o b ta in e d  when LAH m o d if ie d
w ith  1 e q u iv a l e n t  o f  17_, 18_, 19a  o r  1 9 b , was u se d  t o  r e d u c e  a  v a r i e t y  
22 23o f  k e to n e s .  ’ D e r iv a t iv e  19c was t h e  s u p e r i o r  m o d i f i e r .  R e d u c t io n
o f  a c e to p h e n o n e  by t h i s  r e a g e n t  a f f o r d e d  t h e  c o r r e s p o n d in g  c a r b i n o l
i n  19.2% o p t i c a l  p u r i t y .  The o p t i c a l  y i e l d  i n  t h e  r e d u c t i o n  o f
p ro p io p h e n o n e  was i n c r e a s e d  to  n e a r l y  40% e e  by v a r y in g  t h e  r a t i o  o f
24LAH/19c and  by  u s in g  a  s t a n d a r d iz e d  LAH s o l u t i o n .  I t  i s  i n t e r e s t ­
in g  to  n o t e  t h a t  o f  t h e  8 co m p lex es  d e r iv e d  from  t h e s e  g lu c o s e  d e r i v a ­
t i v e s  o n ly  t h a t  fro m  19c  was s i g n i f i c a n t l y  s o lu b l e  i n  e t h e r .
Up to  70% e e  was o b ta in e d  i n  t h e  r e d u c t io n  o f  a c e to p h e n o n e  by 
LAH/1 9 c /E tO H .^  The r a t i o  o f  k e to n e /L A H /1 9 c /EtOH ( 1 : 4 ; 2 : 8 )  m e r i t s  some 
d i s c u s s i o n .  The u s e  o f  e x c e s s  LAH p re su m a b ly  i n s u r e s  f o r m a t io n  o f  t h e  
c y c l i c  c o m p lex . Then u n r e a c te d  LAH and  t h e  m ore r e a c t i v e  o f  t h e  two 
h y d r id e s  on t h e  a lk o x y a lu m in u m  h y d r id e  a r e  d e s t r o y e d  l e a v in g  th e  
com plex  show n , 20_. A dding  m ore  EtOH th a n  n e c e s s a r y  r e s u l t e d  i n  d e ­
c r e a s e d  o p t i c a l  y i e l d s  due  to  d e s t r u c t i o n  o f  b o th  h y d r id e s  o f  t h e
qd°HO ^ 
3 a  q
eH0 13 
= 3  
61
qa°HD a 


















c h i r a l  com plex and  a  c o n c o m ita n t  i n c r e a s e  i n  r e d u c t io n  by th e  l e s s  
r e a c t i v e ,  u n d i s s o l v e d ,  u n m o d if ie d  h y d r id e  s p e c i e s  p r e s e n t  i n  t h e  
s u s p e n s io n .  The u s e  o f  a  s t a n d a r d iz e d  LAH s o l u t i o n  i n s t e a d  o f  s o l i d  
LAH g av e  m ore c o n s i s t e n t  r e s u l t s . W ith  t h i s  m ethod  o f  p r e p a r a t i o n  e x c e s s  
EtOH was n o t  d e t r i m e n t a l  t o  t h e  o p t i c a l  y i e l d  w h ic h  w ould  s u g g e s t  t h a t  
t h e  u n d i s s o lv e d  m a t e r i a l  was in d e e d  a f f e c t i n g  t h e  o p t i c a l  y i e l d  a s  d e ­




1 ,4 - P i o l s
One d i f f i c u l t y  i n  i n t e r p r e t i n g  r e s u l t s  o b ta in e d  i n  r e d u c t io n s
by d i o l  m o d if ie d  LAH r e a g e n t s  s te m s  from  th e  i n e q u a l i t y  o f  t h e  two
h y d r id e s  i n  t h e  co m p le x . I n  a n  a t t e m p t  to  c l a r i f y  t h i s  s i t u a t i o n ,
B a g g e tt  & S t r i b b l e h i l l  u s e d  m a n n i to l  d e r i v a t i v e s , 21^ and  22^, c o n t a i n -
30in g  a  C2  a x i s  o f  sym m etry  t o  m o d ify  LAH. U n f o r tu n a t e l y ,  t h e s e  r e a g e n t s  
p ro d u ced  o p t i c a l  y i e l d s  o f  l e s s  th a n  15% e e  and  th e  s te r e o c h e m ic a l  r e s u l t s  
c o u ld  n o t  be  c o r r e l a t e d  w i th  t h e  p ro p o se d  m o d e ls .  A c u r io u s  d ro p  i n
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e n a n t i o s e l e c t i v i t y  w as o b s e rv e d  when s o l i d  2 2  i n s t e a d  o f  a  s o l u t i o n  o f  
i t  was ad d ed  t o  t h e  LAH s o l u t i o n .  T h is  phenom enon was n o t  e x p la in e d .
OH
OH HO OH
1 ,4 :3  ,6 -D ia n h y d ro -D -  
m a n n i to l ,  21_
1 , 4 :3 ,6 -D i-O -b e n z y l id e n e -D -  
m a n n i to l ,  22_
D e s p i te  t h e  d i f f i c u l t i e s  e n c o u n te re d  i n  t h e  d i o l  s t u d i e s  d i s ­
c u s se d  p r e v i o u s l y ,  t h e  m o st g e n e r a l l y  e f f i c i e n t  a sy m m e tr ic  d io l-L A H
re d u c in g  a g e n t  o f  any  y e t  r e p o r t e d  i s  t h a t  p r e p a r e d  u s in g  b i n a p h t h o l ,
312 3 . E x c e l l e n t  o p t i c a l  y i e l d s  h a v e  b e e n  r e p o r t e d  f o r  t h e  r e d u c t io n  o f
s e v e r a l  k e to n e s  u s in g  a  c h i r a l  r e a g e n t  p r e p a r e d  by t r e a t i n g  LAH s u c -
3 1 -3 3c e s s i v e ly  w i th  1 e q u i v a l e n t  o f  e th a n o l  th e n  1 e q u iv a l e n t  o f  2 3 .
C om plete  e n a n t i o s e l e c t i v i t y ,  i . e . ,  100% e e ,  w as a c h ie v e d  i n  t h e  r e d u c t io n  
o f  b u ty ro p h e n o n e  by  t h i s  r e a g e n t .  A l a r g e  e f f e c t  o f  t h e  s e c o n d a ry  
m o d if ie r  was n o t e d .  When no e th a n o l  was ad d e d  o n ly  2% e e  o f  m e th y l-  
p h e n y lc a r b in o l  was o b ta in e d  and  t h e r e  was a  r e v e r s a l  i n  t h e  s e n s e  o f  
th e  s t e r e o s e l e c t i v i t y  when m ore b u lk y  a c h i r a l  a l c o h o l s  w e re  u s e d .
The s te r e o c h e m ic a l  r e s u l t s  w ere  r a t i o n a l i z e d  by d i a s t e r e o m e r i c  
s ix -m em bered  c y c l i c  t r a n s i t i o n  s t a t e s ,  2h_ and  25_. U sin g  a c e to p h e n o n e  
a s  a  m odel s u b s t r a t e  2A_ was p resum ed  t o  be  f a v o r e d  o v e r  25^ r e s u l t i n g  
in  th e  f o rm a t io n  o f  t h e  a l c o h o l  h a v in g  t h e  R. c o n f i g u r a t i o n .  I t  was
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s p e c u la te d  t h a t  t h e  c a u s e  o f  t h e  s t e r e o c h e m ic a l  r e v e r s a l  when b u lk y  
s e c o n d a ry  m o d i f i e r s  w e re  u s e d  w as some k in d  o f  u n s p e c i f i e d  a l t e r a t i o n  
o f  t h e  t r a n s i t i o n  s t a t e  d u e  to  t h e  i n c r e a s e d  s t e r i c  b u l k .
OH
OH




1 ,5 - D io ls
Jo h n so n  u s e d  t h e  d i o l  26_ a s  a n  LAH m o d i f i e r  i n  t h e  r e d u c t i o n  o f
p ro p io p h e n o n e  t o  d e te r m in e  w hat a c h i r a l  a l c o h o l  i s  t h e  m o s t e f f i c i e n t
34se c o n d a ry  m o d i f i e r .  18.5% e e  was o b ta in e d  when i s o p r o p a n o l  w as u s e d  
a s  t h e  s e c o n d a ry  m o d i f i e r .  T h is  was s u p e r i o r  to  t h e  r e s u l t s  when 
m e th a n o l ,  e t h a n o l ,  t e r t - b u t y l  a l c o h o l  o r  b e n z y l  a l c o h o l  w e re  u s e d .  I t  
was n o te d  t h a t  t h e r e  was a  d i f f e r e n c e  b e tw e e n  th e  two h y d r id e s  o f  th e  
p ro p o se d  d ih y d r id e  r e a g e n t .  The u s e  o f  a  l a r g e  e x c e s s  o f  h y d r id e  to  
i n s u r e  c o m p le te  r e d u c t i o n  w as d i s c o u r a g e d .  Due t o  d i s p r o p o r t i o n a t i o n  
o f  t h e  a lk o x y a lu m in u m  h y d r i d e ,  t h i s  p r a c t i c e  r e s u l t s  i n  an  i n c r e a s e d  
am ount o f  m ore r e a c t i v e  a c h i r a l  LAH s p e c i e s .
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OH
(+) - 1 ,2  , 2 - T r i m e t h y l - l  , 3 - b i s  (h y d ro x y m e th y l)  c y c lo p e n ta n e , 2jj
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Amine M o d if ie d  L ith iu m  Alum inum  H y d r id e
Monoamines
P r im a ry  M onoamines
T h ere  i s  o n ly  one r e p o r t e d  u s e  o f a  s im p le  o p t i c a l l y  a c t i v e  p r im a ry  
am ine a s  an  LAH m o d i f i e r  f o r  k e to n e  r e d u c t i o n s * .  S o l l a d i e ’ and c o ­
w o rk e rs  o b ta in e d  14.2% e e  o f  (jO - ( - )  - s p i r o - [ 4  ,4 ]  - n o n a n - l - o l  b y  r e d u c in g
36th e  c o r r e s p o n d in g  k e to n e  w i th  2 -L A H /C + )-1 -p h e n y le th y la m in e .
S e c o n d a ry  M onoamines
Y am aguchi and c o w o rk e rs  p r e p a r e d  a  s e r i e s  o f  (S ) - ( - )  -^T -(O -sub-
s t i t u t e d  b e n z y l ) - 2 - p h e n y le th y la m in e s  , 2 7 a - 2 7 f , an d  t e s t e d  them  a s  LAH
37m o d if ie r s  i n  th e  r e d u c t io n  o f a c e to p h e n o n e . The b e s t  r e s u l t ,  43.0%  
ee  (R) , was o b ta in e d  when 3 e q u iv a l e n t s  o f  2 7 c , X=NMe2 , w e re  u s e d .  U nder 
i d e n t i c a l  c o n d i t i o n s ,  p ro p io p h e n o n e  was re d u c e d  w i th  som ew hat b e t t e r  s t e r e o ­
s e l e c t i v i t y ,  52% e e  (R.) .
Some I n t e r e s t i n g  b e h a v io r s  w ere  o b s e rv e d  In  t h e  r e d u c t io n  o f  a c e t o ­
phenone  w i th  t h i s  s e r i e s  o f  l i g a n d s .  R unning  t h e  r e d u c t io n  a t  -78°C  
i n s t e a d  o f  0°C r e s u l t e d  i n  d e c r e a s e d  o p t i c a l  y i e l d s .  I n  two c a s e s ,  3 
e q u iv a l e n t s  o f 2 7 a , X=H, and  2 7 e , X=Me, t h i s  change  in  r e a c t i o n  temp -  
e r a t u r e  r e s u l t e d  in  a  r e v e r s a l  in  t h e  d i r e c t i o n  o f  t h e  s t e r e o s e l e c t i v i t y ,
_R t o  S_. I n  tw o c a s e s ,  2 7 c , X=NMe2 , and  2 7 d , X=0Me, t h e  sam e s e l e c t i v i t y  
c h a n g e , R t o  S_, o c c u re d  when t h e  r a t i o  o f  am ine t o  LAH w as changed  fro m  
2 o r  3 to  1 , and 2 t o  3 ,  r e s p e c t i v e l y .
T h e re  a r e  a  few  m ore f e a t u r e s  o f  t h i s  s y s te m  t h a t  s h o u ld  b e  p o in te d  
o u t .  At room  t e m p e r a tu r e  o n ly  1 e q u i v a l e n t  o f  was e v o lv e d . Upon r e -
35*T his sam e r e a g e n t  h a s  b e e n  u s e d  t o  r e d u c e  ra c e m ic  s ty r e n e  o x id e  
b u t  t h i s  was a  k i n e t i c  r e s o l u t i o n ,  n o t  an a sy m m e tr ic  s y n t h e s i s .
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2 , 4 , 6 - T r im e th y l
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f lu x in g ,  1 o r  2 m ore e q u i v a l e n t s  o f  H2 w e re  e v o lv e d  d e p e n d in g  on th e  
am ount o f  am ine  t h a t  h a d  b e e n  u s e d .  The r e a c t i o n s  w e re  r u n  i n  to lu e n e  
( to  e l i m i n a t e  p o s s i b l e  c o o r d i n a t i o n  o f  t h e  s o lv e n t )  and  a l l  o f  t h e s e  
r e a g e n t s  w e re  s o l u b l e  ev en  a t  -7 8 °C . A s e t  o f  r e d u c t io n s  c o n ta in in g  
p o t e n t i a l l y  c o o r d i n a t i n g  a d d i t i v e s  i n d i c a t e d  t h a t  an  o r th o  d im e th y i -  
am ine g ro u p  ( 2 7 c , X=NMe2 ) ch an g ed  th e  s t e r e o s e l e c t i v i t y ,  p re su m a b ly  
v i a  c o o r d i n a t i o n  w i th  t h e  L i  c a t i o n .  A s t r u c t u r e  o f  t h e s e  co m p lex es  was 
p ro p o s e d , 2 8 .





X=NMe2 , OMe, SMe
P rim a ry  D iam ines
Suda and  c o w o rk e rs  s t u d i e d  t h e  r e d u c t io n  o f  a  v a r i e t y  o f  s u b ­
s t r a t e s  w i th  LAH m o d if ie d  by v a r y in g  am ounts o f  o p t i c a l l y  p u r e  ( R ) -
382 , 2 ' - d ia m in o - 6 ,6 ' - d im e th y lb ip h e n y l ,  29_. The t e m p e r a tu r e  o f  r e a g e n t  
f o r m a t io n ,  20°C to  -4 9 ° C , and  t h e  o r d e r  o f  LAH and  l ig a n d  a d d i t i o n  a s
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w e l l  a s  t h e  m o d if ie r /L A H  r a t i o  (1  t o  3 .4 )  w e re  a l s o  v a r i e d .  The 
h i g h e s t  o p t i c a l  y i e l d ,  54% e e ,  w as o b ta in e d  i n  t h e  r e d u c t i o n  o f  p h e n y l  
t e r t - b u t y l  k e to n e  by t h e  r e a g e n t  p r e p a r e d  by a d d in g  a n  e t h e r e a l  LAH 
s o l u t i o n  to  a  s o l u t i o n  o f  t h e  am ine  a t  -40°C  (k e to n e /L A H /a m in e = l. 4 :1 :2  . 1 ) .  
I t  was fo u n d  t h a t  a d d i t i o n  o f  a n  LAH s o l u t i o n  t o  t h e  am in e  s o l u t i o n  was 
p r e f e r a b l e  t o  t h e  r e v e r s e  o r d e r .  A l s o ,  t h e  r e a g e n t  p r e p a r e d  a t  20°C 
was t o t a l l y  i n e f f e c t i v e  a s  an  a sy m m e tr ic  r e d u c in g  a g e n t  and  t h e r e  was 
a  t r e n d  to w a rd s  h ig h e r  o p t i c a l  y i e l d s  w i th  h i g h e r  m o d if ie r /L A H  r a t i o s .
I t  was c o n c lu d e d  t h a t  a t  l e a s t  t h r e e  d i f f e r e n t  r e a g e n t s  fo rm ed  d e p e n d in g  
on th e  c o n d i t i o n s  ( p r i m a r i l y  te m p e r a tu r e )  u n d e r  w h ich  th e  r e a g e n t  was 
p r e p a r e d .
2 , 2 ' - D ia m in o -6 , 6 ' - d im e th y lb ip h e n y l , 29 
S e c o n d a ry  D iam ines
M ukaiyam a and  A sam i i n v e s t i g a t e d  a  s e r i e s  o f  ( S ) - 2 - ( N - s u b s t i t u t e d
a m in o m e th y l ) p y r r o l id in e s  d e r iv e d  from  ( S ) - p r o l i n e ,  3 0 a -3 0 m , a s  LAH 
3 9 -4 1m o d i f i e r s .  The c h i r a l  e f f i c i e n c y  o f  t h i s  sy s te m  was t e s t e d  i n
d i f f e r e n t  s o l v e n t s ,  a t  d i f f e r e n t  t e m p e r a tu r e s  and w i th  d i f f e r e n t  LAH/ 
l i g a n d /k e to n e  r a t i o s .  ( S ) - 2 - ( 2 ,6 - x y l i d i n o m e t h y l ) p y r r o l i d i n e ,  30m ,
21
p ro v ed  t o  b e  t h e  m o st e f f e c t i v e  m o d i f i e r .  P ro p io p h e n o n e  w as re d u c e d  
i n  90% y i e l d  and  96% e e  by  LAH ( 2 .5  e q u i v a l e n t s ) / 30m ( 3 .0  e q u iv a l e n t s )  
i n  E t2 0  a t  -1 0 0 ° C . A l l  o f  t h e  r e a g e n t s  w e re  h e te r o g e n e o u s  i n  e t h e r .  
M o d if ie r s  i n  w h ic h  R = a ry l w e re  g e n e r a l l y  s u p e r i o r .  A d d i t io n  o f  TMEDA, 
DME o r  MgBr2  r e s u l t e d  i n  d e c r e a s e d  o p t i c a l  y i e l d s  s u g g e s t in g  t h a t  t h e  
L i c a t i o n  was in v o lv e d  i n  t h e  t r a n s i t i o n  s t a t e .
 ^H





b I s o p r o p y l
c H exy l
d C y c lo h e x y l
e  ( R ) - 1 - P h e n y le th y l
f  ( S ) - 1 - P h e n y le th y l
g 1 -N a p h th y l
R=
h  2 -M ethoxypheny1 
i  4 -M ethoxypheny1 
j  2 - P y r i d y l  
k  4 - P y r i d y l  
1 3 ,4 - D ic h lo r o p h e n y l
m 2 ,6 -D im e th y lp h e n y l
The e f f e c t i v e n e s s  o f  t h i s  sy s te m  was e x p la in e d  u s in g  a  m o d e l ,  3 1 ,
i n  w h ich  th e  f o r m a t io n  o f  a  " s t e r i c a l l y  r e s t r i c t e d  c i s - f u s e d  b i c y c l i c  
40h y d r id e  r e a g e n t"  c r e a t e d  a  new c h i r a l  c e n t e r  a t  t h e  n i t r o g e n  a to m .
I t  was p ro p o se d  t h a t  o n e  o f  t h e  two h y d r i d e s , H , i n  t h i s  r e a g e n t  i s
22
to o  h in d e r e d  s t e r i c a l l y  t o  r e a c t  w i th  k e to n e s .  The a u th o r  a l s o  p r o ­
p osed  t h a t  a p p ro a c h  o f  t h e  k e to n e  i s  b lo c k e d  on o n e  s i d e ,  B , by t h e 'L i  
c a t i o n .*





3 °  D iam in es
P e rh a p s  t h e  s im p l e s t  a n d /o r  m o st e s t h e t i c a l l y  a p p e a l in g  a p p ro a c h
to  am ine  m o d if ie d  LAH i s  to  c o o r d i n a t e  t h e  L i  c a t i o n  o f  t h e  h y d r id e
to  t h e  n i t r o g e n  o f  an  o p t i c a l l y  a c t i v e  a m in e . T h is  was done  by W hitney  
44and L a n g e r . A v a r i e t y  o f  s u b s t r a t e s  w e re  r e d u c e d  by t h e  c h e l a t e d  
r e a g e n t  fo rm ed  by t r e a t i n g  1 e q u iv a l e n t  o f  LAH w i th  1 e q u iv a l e n t  o f 
e i t h e r  ( l l , R ) - ( - ) -  o r  (J3 ,£ ! ) - (+ ) -N ,N ,N ' ,N '- t e t r a m e th y lc y c lo h e x a n e d ia m in e  
[ ( - ) - o r  (+)-TMCHD], 32_. G e n e r a l ly ,  low  o p t i c a l  y i e l d s  ( l e s s  th a n  12% 
ee) w ere  o b t a i n e d .  The r e d u c t io n  o f  l - h y d r o x y - 3 - b u ta n o n e ,  h o w e v e r , 
showed s i g n i f i c a n t  a sy m m e tr ic  i n d u c t io n  ( c a .  30% e e ) . T h is  i n d i c a t e d
* In  l i g h t  o f  e v id e n c e  t h a t  t h e  L i  c a t i o n  a c t u a l l y  a c t i v a t e s  t h e  k e to n e
42 43f o r  r e d u c t io n  i n  LAH s y s te m s  * t h i s  c o u ld  b e  a  te n u o u s  p r o p o s a l .  I n  
f a c t , t h e  r e a c t i v e  h y d r id e  may be t h e  one  n e a r e r  t h e  L i  c a t i o n .
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t h a t  t h e r e  may b e  a  s i g n i f i c a n t  e f f e c t  on t h e  c h i r a l  e f f i c i e n c y  o f  t h e  
sy s te m  when t h e  s u b s t r a t e  c o n ta i n s  a n o th e r  g ro u p  t h a t  i s  c a p a b le  o f  
r e a c t i n g  w i th  t h e  LAH r e a g e n t .
n ( c h 3 ) 2  
( c h 3 ) 2
(S ,S )  - (+ )  -N ,N ,N ' ,N ' - t e t r a m e th y lc y c lo h e x a n e d ia m in e ,  (+) -TMCHD, 32 
Amino A lc o h o l  M o d if ie d  L ith iu m  Aluminum H y d r id e
1 ,2 -A m ino  A lc o h o ls
C e rv in k a  r e p o r t e d  t h e  m o d i f i c a t i o n  o f  LAH w i th  s e v e r a l  n a t u r a l l y
16o c c u r in g  am ino a lc o h o l s  , 3 3 - 3 7 . The b e s t  r e s u l t  was o b ta in e d  when 
a c e to p h e n o n e  was re d u c e d  i n  48% e e  by  LAH/( - )  - q u i n i n e , 3 3 a , i n  e t h e r .  
In  a  r a t h e r  i n t e n s i v e  s tu d y  o f  t h i s  s y s te m , t h e  e f f e c t s  o f  s o l v e n t ,  
te m p e ra tu re  and c a t i o n  v a r i a t i o n s  w ere  e x a m in e d . R e v e r s a ls  In  t h e  
d i r e c t i o n  o f  th e  a sy m m e tr ic  i n d u c t io n  o f  a c e to p h e n o n e  w ere n o te d  when 
th e  s o lv e n t  was ch an g ed  fro m  E t 2 <I) t o  THF, when t h e  c a t i o n  was changed  
from  L i t o  Na in  THF and  when t h e  te m p e ra tu re  was v a r i e d  ( w i th  d io x a n e  
as  th e  s o l v e n t ) . One o f  t h e  c o n c lu s io n s  t h a t  w as draw n fro m  t h i s  
s tu d y  was t h a t  a s y m m e tr ic  i n d u c t io n  in  su c h  c h i r a l l y  m o d if ie d  LAH 
sy s te m s  i s  e n h a n ce d  w h e n e v e r a  n i t r o g e n  atom  i s  p r e s e n t .  I t  was 
presum ed t h a t  t h e  n i t r o g e n  c o o r d in a te d  t o  t h e  a lum inum . F or t h e  m ost 
p a r t ,  C e r v in k a 's  i n t e r e s t  i n  t h i s  s y s te m  was s im p ly  a s  a  m eans t o  
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t h e  a sy m m e tric  r e d u c t i o n  o f  a  v a r i e t y  o f  s u b s t r a t e s  i n  a n  e f f o r t  to  
d e te rm in e  th e  a b s o l u t e  c o n f i g u r a t i o n  o f  t h e  p r o d u c t  ^
V ig n e ro n  r e p o r t e d  a n  e x te n s i v e  i n v e s t i g a t i o n  o f  t h e  u s e  o f  ( - ) -  
N -m e th y le p h e d r in e , 38_, a s  an  LAH m o d i f i e r . S e v e r a l  v a r i a b l e s  w ere  
exam ined : 38/LAH r a t i o ,  k e to n e ,  t h e  u s e  o f  a c h i r a l  and  c h i r a l  comod­
i f i e r s  and t h e  e f f e c t  o f  s o l v e n t ,  c o n c e n t r a t i o n ,  t e m p e r a tu r e  and  th e  
r a t e  o f  k e to n e  a d d i t i o n .  Of t h e  23 c o m o d i f ie r s  t e s t e d ,  3 , 5 - x y l e a o l ,  .
3 9 , was t h e  m o st e f f e c t i v e .  A sym m etric  r e d u c t io n s  i n  e t h e r  w e re  fo u n d  
to  g iv e  h ig h e r  % e e  v a lu e s  th a n  th o s e  i n  THF, and  som ew hat b e t t e r  v a lu e s  
th a n  th o s e  i n  b e n z e n e  o r  t o l u e n e .  The c o n c e n t r a t i o n  and  r a t e  o f  k e to n e  
a d d i t i o n  h ad  s m a l l  b u t  s i g n i f i c a n t  e f f e c t s  on th e  % ee  o b t a i n e d .  One 
o f  th e  m o st n o t a b l e  f i n d i n g s  o f  t h i s  s tu d y  was t h e  e x i s t e n c e  o f  a  u n iq u e  
te m p e ra tu re  e f f e c t .  The h i g h e s t  o p t i c a l  y i e l d  was o b ta in e d  a t  -1 5 °C . 
H ow ever, t h e r e  was a  se c o n d  b u t  lo w e r  maximum, i n  t h e  p l o t  o f  % ee  
v e r s u s  t e m p e r a tu r e ,  a t  -5 0 ° C . No c o n c r e te  e x p la n a t i o n  o f  t h i s  phenom ­
enon was o f f e r e d .  Up t o  88.6% e e  o f  t h e  II a l c o h o l  was o b ta in e d  i n  th e  
r e d u c t io n  o f  b u ty ro p h e n o n e  by t h e  LA H /38/39 (2 e q u iv a l e n t s )  sy s te m  a t  
-15°C  i n  e t h e r . Up to  90% e e  (R) was o b ta in e d  i n  t h e  r e d u c t io n  o f  
a c e t y l e n i c  k e to n e s  by t h e  sam e r e d u c in g  s y s te m .
H H
- ' - P h OHH3 C ^ ------
(c h 3)2n  o h
( - ) - N - M e th y le p h e d r in e ,  38^ 3 ,5 - X y le n o l ,  39^
I n  a  s e a r c h  t o  f i n d  a n  e f f e c t i v e  a sy m m e tr ic  r e d u c in g  a g e n t  f o r  a , 8 -  
u n s a tu r a te d  k e to n e s ,  T e ra sh im a  and  c o w o rk e rs  i n v e s t i g a t e d  LAH
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m o d if ie d  by a  s e r i e s  o f  N - a lk y l - e p h e d r in e s  p lu s  N - a lk y l  a n i l i n e s  i n  a
5 7 -5 9v a r i e t y  o f  s o lv e n t s  a t  v a r i o u s  t e m p e r a t u r e s .  I t  was fo u n d  t h a t
r e d u c t io n  by L A H /( - ) -N -m e th y le p h e d r in e ,  3 8 / N - e t h y l a n i l i n e  (2 e q u i v a l e n t s )  
in  e t h e r  a t  -7 8  t o  -100°C  g a v e  t h e  b e s t  o p t i c a l  y i e l d s .  U s in g  t h i s  
r e a g e n t ,  p ro p io p h e n o n e  was re d u c e d  i n  90% e e  (S ) and t h e  a , 6 - u n s a t -  
u r a t e d  k e to n e  show n, 4 £ , was re d u c e d  i n  98% y i e l d  and  98% e e  (S) . I t  
i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  c o n f i g u r a t i o n  o f  t h e  a lk y l p h e n y l -  
c a r b i n o l s  o b ta in e d  i s  o p p o s i t e  t o  t h a t  o b ta in e d  by V ig n e ro n  u s in g  
( - ) - N - m e th y le p h e d r in e  and  3 ,5 - x y l e n o l .  A t r a n s i t i o n  s t a t e  was p ro p o se d  
in  w h ich  th e  n i t r o g e n  o f  t h e  am ino a l c o h o l  i s  c o o r d in a te d  to  an  
o c ta h e d r a l  alum inum  a to m .
o
40
S eeb ach  and  c o w o rk e rs  p r e p a r e d  a  s e r i e s  o f  t a r t a r i c  a c id  d e r iv e d  
d i o l s ,  4 1 a - 4 1 i ,  w h ic h  w ere  t e s t e d  a s  LAH m o d i f i e r s  f o r  a  v a r i e t y  o f  
s u b s t r a t e s ^  I n  a n  e f f o r t  t o  m ax im ize  t h e  o p t i c a l  y i e l d ,  s e v e r a l  
v a r i a b l e s  w ere  e x a m in e d . I t  was fo u n d  t h a t  e x c e s s  h y d r id e ,  c h a n g e s  
in  r e a c t i o n  t im e  and  a d d i t i o n  o f  a  se c o n d  a c h i r a l  m o d i f i e r  h ad  o n ly  a  
s m a l l  e f f e c t  on o p t i c a l  y i e l d .  T h e re  was an  i n c r e a s e  i n  o p t i c a l  
y i e l d ,  b u t  a  d e c r e a s e  i n  c h e m ic a l  y i e l d  i n  t h e  s o lv e n t  s e r i e s  b e n z e n e ,
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e t h e r ,  THF and  d io x a n e .  The p r e f e r r e d  t e m p e r a tu r e  v a r i e d  w i th  t h e  
s o lv e n t ;  % e e  v a lu e s  w e re  h i g h e s t  i n  e t h e r  a t  room  te m p e r a tu r e  and  in  
THF a t  r e f l u x .  G e n e r a l ly ,  o p t i c a l  y i e l d s  o f  l e s s  th a n  50% ee  w ere  
o b t a in e d ,  h o w e v e r , m e th y l  m e s i t y l  k e to n e  was re d u c e d  by LAH/41b i n  87% e e .  
The u s e  o f  t h e  m e th y l  e t h e r s  o f  4 1 a  and 41g a s  c h i r a l  s o lv e n t s  r e s u l t e d  
i n  d e c re a s e d  o p t i c a l  y i e l d s .
A lth o u g h  no d e f i n i t i v e  c o n c lu s io n s  w ere  d raw n , some g e n e r a l  
p r o p o s a ls  w e re  m ade an d  p o s s i b l e  m echan ism s w e re  d i s c u s s e d .  S in c e  an  
aged  r e a g e n t  p ro d u c e d  h ig h e r  o p t i c a l  y i e l d s ,  i t  was p o s t u l a t e d  t h a t  
th e  m ore th e rm o d y n a m ic a l ly  s t a b l e  fo rm  o f  t h e  r e a g e n t  was t h e  m o st 
e f f e c t i v e  i n  in d u c in g  asy m m etry . The r e a g e n t  was b e l i e v e d  to  be  a 
c y c l i c  m onom er. The s te r e o c h e m ic a l  r e s u l t s  w ere  r a t i o n a l i z e d  v i a  
p ro p o se d  t r a n s i t i o n  s t a t e s  i n  w h ich  th e  L i  c a t i o n  was c o o r d in a te d  to  
e i t h e r  t h e  c a rb o n y l  o x y g e n , t h e  c a rb o n y l  oxygen  and one  h y d r id e  o r  t h e  
c a rb o n y l  oxygen  and  t h e  a lk o x y  g ro u p  o f  c o m o d i f ie r .  P e rh a p s  t h e  m o st 
i n t e r e s t i n g  m e c h a n is t ic  i n t e r p r e t a t i o n  was t h e  p ro p o se d  " w in d s h ie ld  
w ip e r  e f f e c t "  o r  " k ic k o u t  e f f e c t "  o f  t h e  am ino g ro u p s  i n  w h ic h  th e  
n i t r o g e n  a s s i s t s  h y d r id e  t r a n s f e r  t o  t h e  L i  c o o r d in a te d  k e to n e  v i a  a  
b a c k s id e  a t t a c k  on th e  a lum inum  a s  show n, 4 2 .
A ( + ) -ca m p h o r d e r iv e d  l i g a n d ,  43^, w i th  2 °  am ino and  2 °  a l c o h o l
63g ro u p s  h a s  a l s o  b e e n  ex am in ed  a s  a n  LAH m o d i f i e r .  Up t o  43% e e  o f 
th e  R a l c o h o l  w as o b ta in e d  i n  t h e  r e d u c t io n  o f  a c e to p h e n o n e . I n c r e a s ­
in g  t h e  43/LAH r a t i o  fro m  1 :1  t o  1 .1 : 1  and  d e c r e a s in g  t h e  te m p e r a tu r e  
from  -7 8  t o  -100°C  e a c h  r e s u l t e d  i n  s i g n i f i c a n t  i n c r e a s e s  i n  th e  
o p t i c a l  y i e l d .
C h i r a l  o x a z o l i n e s ,  4 4 a -4 4 d , h a v e  a l s o  b e e n  u t i l i z e d  a s  LAH 
64m o d i f i e r s .  A f t e r  s tu d y in g  some v a r i a b l e s  i n  t h i s  s y s te m , i t  was 
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o f  44 w e re  u s e d  a t  -78°C  i n  THF. U nder t h e s e  c o n d i t i o n s  1 - p h e n y l -  
e th a n o l  (R) was o b ta in e d  i n  65% e e .  W ith  r e g a r d  t o  t h i s  r e a g e n t  i t  
i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  4 t h  h y d r id e  was u n r e a c t i v e  to w a rd  
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d PhCH,
1 ,3-A m ino A lc o h o ls
The m o st i n t e r e s t i n g  r e a g e n t  r e p o r t e d  to  d a t e  i s  t h a t  fro m  LAH
65—67m o d if ie d  w i th  D arvon  a l c o h o l ,  45_. R e d u c tio n  o f  a c e to p h e n o n e
w i th in  3 m in u te s  a f t e r  m ix in g  2 .3  e q u iv a l e n t s  o f  D arvon a l c o h o l  w i th  
1 e q u iv a l e n t  o f  LAH ( i n  e t h e r  a t  0°C) p ro d u c e d  68% e e  o f  ( R ) - ( + ) -  
m e th y lp h e n y lc a r b in o l .  I f  t h i s  r e a g e n t  was a g e d  f o r  i n c r e a s i n g  l e n g t h s  
of t im e ,  a n  i n c r e a s i n g  am ount o f  t h e  iso m e r  was p r o d u c e d . When th e  
r e a g e n t  p r e p a r e d  a s  ab o v e  was r e f l u x e d  f o r  10 m in u te s  th e n  a llo w e d  to  
s ta n d  o v e r n ig h t  a  maximum o f  66% e e  o f  t h e  S_ iso m e r  was r e a c h e d . Up 
to  75% e e  o f  ( R ) -o r  ( S ) -  m e th y lp h e n y lc a r b in o l  was o b ta in e d  by v a r y in g  
m o la r r a t i o s  and  r e a c t i o n  t e m p e r a tu r e .  The m o st c o n s p ic u o u s  o b s e r v a ­
t i o n s  c o n c e rn in g  t h i s  u n iq u e  t im e - d e p e n d e n t  r e v e r s a l  a r e  t h a t  t h e
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"R" r e a g e n t  w as a  p r e c i p i t a t e  and  t h e  "S" r e a g e n t  was s o l u b l e .  The 
l a t t e r  a lw a y s  r e s u l t e d  i n  in c o m p le te  r e d u c t io n  e v e n  when p r e s e n t  i n  
l a r g e  e x c e s s .  D e s p i te  a  r a t h e r  i n t e n s i v e  i n v e s t i g a t i o n  t h e  e x a c t  
c a u se  o f  t h e  r e v e r s a l  h a s  n o t  b e e n  p i n p o i n t e d .
CH
D arvon  A lc o h o l ,  45_
I n  a  c o n t i n u a t i o n  o f  t h e  D arvon  s t u d y , R e ic h  p r e p a r e d  a  s e r i e s
o f am ino a l c o h o l s ,  4 6 - 6 1 , s i m i l a r  to  D arvon  a l c o h o l  and  t e s t e d  t h e i r
68e f f i c i e n c y  a s  LAH m o d i f i e r s .  I n  t h e  r e d u c t io n  o f  a c e to p h e n o n e
o n ly  two o f  t h e s e  c a rb in o la m in e s  g a v e  e n a n t io m e r ic  e x c e s s e s  c o m p a ra b le
to  t h a t  o b ta in e d  w i th  D arvon  a l c o h o l ;  4 7 _gave  75% e e  (S ) and 48
gave 77% e e  o f  t h e  i s o m e r .  T h re e  o f  t h e  m o d i f i e r s ,  49_, 51_, and
53 r e s u l t e d  i n  m o d es t o p t i c a l  y i e l d s  (45-62%  e e ) . A l l  o t h e r  l ig a n d s
w ere  i n e f f i c i e n t  m o d i f i e r s ;  l e s s  th a n  33% ee  was o b ta in e d  w i th  th e m .
E m ploy ing  a  s l i g h t  m o d i f i c a t i o n  o f  M o s h e r 's  p r o c e d u r e ,  B r in k -
m eyer and K apoor w e re  a b l e  t o  o b t a i n  up t o  85% e e  i n  t h e  r e d u c t io n  o f
69a c e t y l e n i c  k e to n e s .  K e to n e  was added  t o  f r e s h  r e a g e n t  o v e r  3 0 -6 0  
m in u te s . As i n  t h e  r e d u c t i o n  o f  p h e n y l  a l k y l  k e t o n e s , It a l c o h o l s  w ere  
o b ta in e d  i n  e v e ry  c a s e  s u g g e s t in g  t h a t  t h e  a c e t y l e n i c  bond h a s  a  
s t e r i c  a n d /o r  e l e c t r o n i c  e f f e c t  s i m i l a r  to  t h a t  o f  t h e  p h e n y l  r i n g .
Cohen and  c o w o rk e rs  u s e d  D arvon  a lc o h o l  and  a  s e r i e s  o f  s t r u c ­
t u r a l l y  r e l a t e d  s y n t h e t i c  am ino a l c o h o l s ,  6 2 a-6 2 g  , a s  LAH m o d i f i e r s  i n
* id HO 6*
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r e d u c t io n s  o f  a , 6 - a c e t y l e n i c  k e t o n e s . ^  G e n e r a l ly  low  o p t i c a l  y i e l d s  
( l e s s  th a n  36% e e  i n  e v e ry  c a s e  b u t  o n e ) w ere  o b ta in e d  u s in g  th e  
s y n t h e t i c  l i g a n d s .  A v i t a m i n  E p r e c u r s o r ,  _63_, w as r e d u c e d  i n  90% e e  
when D arvon a l c o h o l ,  6 2 a , was u s e d .  I n  t h e  r e d u c t io n  o f  a c e to p h e n o n e , 
u s in g  s y n t h e t i c  am ino a l c o h o l  6 2 c , t h e  o p t i c a l  y i e l d  o b t a i n e d ,  60% ee  
( S ) , was c o m p a ra b le  t o  t h a t  o b ta in e d  w i th  D arvon a l c o h o l .  S in c e  t h e  
c o n f i g u r a t io n  o f  t h e  c a r b i n o l s  o b ta in e d  v i a  t h e  s y n t h e t i c  l i g a n d s  
was o p p o s i t e  t h a t  o b t a in e d  when D arvon  a l c o h o l  was u s e d ,  i t  was c o n c lu d e d  
t h a t  t h e  s e c o n d a ry  m e th y l  g ro u p  o f  D arvon  a l c o h o l  was r e s p o n s i b l e  
f o r  a  s i g n i f i c a n t  am ount o f  t h e  a sy m m e tr ic  i n d u c t io n .  No t r a n s i t i o n  
s t a t e  o r  m e c h a n is t ic  s p e c u l a t i o n s  w ere  o f f e r e d .
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b Ph PhCH2 H CH3 ch3 CH3
c H H ch3 H CH3 CH3
d H H CH3 H ^ 3 (S)-CH(CH3 )P h
e H H H ch3 ch3 (S)-CH(CH3 )P h
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Summary and  Rem arks
T a b le s  1 and  2 a r e  in te n d e d  t o  p r o v id e  a  summary o f  t h e  b e s t  r e s u l t s  
o b ta in e d  i n  t h e  r e d u c t i o n  o f  p h e n o n e s . O nly  t h o s e  sy s te m s  t h a t  g a v e  b e t t e r  
th a n  70% e e  i n  t h e  r e d u c t io n  o f  a c e to p h e n o n e  a r e  l i s t e d .  A lth o u g h  th e  
c o n d i t io n s  u n d e r  w h ic h  t h e s e  r e s u l t s  w ere  o b ta in e d  v a r i e d ,  two g e n e r a l i t i e s  
a r e  a p p a r e n t .  A l l  o f  t h e s e  c h i r a l  m o d i f i e r s  a r e  b i d e n t a t e .  A l s o ,  t h e  g e n ­
e r a l l y  m ore e f f e c t i v e  m o d i f i e r s  ( 23 p lu s  EtOH, 30a and 30m) ca n  fo rm  two 
c o v a le n t  bon d s t o  alum inum  a s  d i s t i n c t  from  t h e  o t h e r  l ig a n d s  ( e x c e p t  19c) 
w hich a r e  b i d e n t a t e  by way o f  o n e  c o v a le n t  bond and  one  c o o r d i n a t i n g  h e t e r o ­
a tom . T h e se  f a c t s  may s u b s t a n t i a t e  a  p r e v i o u s ly  s t a t e d  a s s u m p tio n  t h a t  
b i d e n t a t e  l ig a n d s  d i s p r o p o r t i o n a t e  t o  a  l e s s e r  e x t e n t  th a n  m o n o d e n ta te  
l ig a n d s  th e r e b y  r e s u l t i n g  i n  m ore r e d u c t i o n  by  c h i r a l l y  m o d if ie d  LAH s p e c i e s  
th a n  by a c h i r a l  LAH. On t h e  o t h e r  h a n d , t h e  g r e a t e r  s t e r e o s e l e c t i v i t y  
o b ta in e d  w i th  t h e s e  m o d i f i e r s  may s im p ly  b e  a  r e s u l t  o f  t h e  f o r m a t io n  o f  
a  m ore r i g i d  r e d u c in g  c o m p le x . W h a tev e r t h e  r e a s o n  i s ,  i t  i s  c l e a r  t h a t  
a  b i d e n t a t e  s t r u c t u r e  i s  e s s e n t i a l  to  t h e  d e s ig n  o f  a n  e f f e c t i v e  LAH 
m odif i e r .
T a b le  3 i s  a  summary o f  some r e s u l t s  o b ta in e d  i n  t h e  t h r e e  s t u d i e s  
to  d a te  o f  t h e  r e d u c t i o n  o f  a c e t y l e n i c  k e to n e s .  G e n e r a l ly ,  s u c h  s t u d i e s
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T a b le  1 .  R e d u c t io n  o f  a c e to p h e n o n e  by  t h e  m ore  e f f i c i e n t  
m o d if ie d  LAH r e a g e n t s .
OH
PhCOCH- ...1) LA H /M odxfier------------------- ►-PhCHCH.
2) H y d r o ly s is
M od ifier*3 Product R eferen ce
% ee (c o n f ig u r a t io n )
19c + EtOH 71 (R) 26
23 + EtOH 95 (R) 31
30a 92 (S) 3 9 ,4 0
30m 95 ( s ) 41
38  ^ +  39^ 84 CR) 5 4 ,5 5
38 +  PhNHEt 88 (S) 57
45 75 (R o r  S) 6 5 ,6 6
47 75 ( ! ) 68
48 77 ( s ) 68
T h is  t a b l e  i s  in te n d e d  a s  a  g e n e r a l  o v e rv ie w  o f  r e s u l t s  g r e a t e r  
th a n  70% e e .
^ V a rio u s  l ig a n d /L A H /s u b s t r a te  r a t i o s ,  s o l v e n t s  and  t e m p e r a tu r e s  
w ere e m p lo y ed .
SlPISSfPlBBBi
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T a b le  2 . R e d u c tio n  o f  some p h e n y l a l k y l  k e to n e s  by th e  m ore e f f i c i e n t  m o d if ie d  LAH r e a g e n t s .
PhCOR 1 ) LAH/Modif i e r ------------------------------- PhCHR
2) H y d ro ly s is
P ro d u c t  % ee  ( c o n f ig u r a t io n )
K etone PhCOEt PhCOPr PhCOBu PhCOd-Pr PhCO_t-Bu R e fe re n c e
M o d ifie r^ 5
19c + EtOH 46 (r ) ------- ------- ------- ------ 26
23 + EtOH 98 (S) 100 (S) 100 (S) 71 (S) ------- 31
30a 85 (S) ------- ------- 57 (S) ------- 40
30m 96 (S) ------- ------- 89 (S) ------- 41
38 +  3 £ 85 (R) 89 (R) 78 (R) 17 (R) 31 (R) 54
.38 + PhNHEt 90 (S^ ) ------- 80 (S) 78 (S) ------- 57
45 ------ 62 (R) 
59 (S)





T a b le  2 c o n t in u e d .
___________________________ P ro d u c t  % e e  ( c o n f i g u r a t i o n ) _____________________________
K etone  PhCOEt PhCOPr PhCOBu PhCOjL-Pr PhCO_t-Bu R e fe re n c e
M o d if ie r
47         18 (S) 68
48         27 (S) 68
T h is  t a b l e  i s  in te n d e d  a s  a  g e n e r a l  o v e rv ie w  o f  r e s u l t s  o b ta in e d  u s in g  th e  l ig a n d s  l i s t e d  i n  T a b le  1 .  
^ V a r io u s  l ig a n d /L A H /s u b s tr a te  r a t i o s ,  s o lv e n t s  and te m p e ra tu re s  w ere  em ployed .
T a b le  3 .  Some a c e t y l e n i c  k e to n e s  re d u c e d  w i th  h ig h  s t e r e o s e l e c t i v i t y  by am ino a lc o h o l  m o d if ie d  LAH.‘
, 1) L A H /M odifier__________R-C=CCOR 2) H y d ro ly s is
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R-CECCHR'
P ro d u c t  % e e  ( c o n f i g u r a t i o n )
R /R 1 H /S H11 H/_t-Bu CH3 A -B u CrH n / C r H i i  63 R e fe re n c e
M odif i e r
45b 72 (R) ------- 82 (R) 62 (R) —  69
« b ------- ------- 82 (R) ------- 90 (R) 70
38 +  3 9 c 84 (R) 90 (R) 88 (R) ------- —  56
^ h i s  t a b l e  i s  in te n d e d  t o  p r o v id e  a  c o m p a riso n  o f t h e  t h r e e  p u b l is h e d  a t t e m p ts  to  r e d u c e  a c e l y l e n i c
k e to n e s  a s y m m e tr ic a l ly .
bThe p ro c e d u re  u se d  was e s s e n t i a l l y  M o s h e r 's ^ * ^  ( i . e . ,  D arvon alcoho l/L A H = 2 .3 :1 ) e x c e p t  t h e  r e d u c t io n  
was ru n  a t  Dry i c e / a c e t o n e  te m p e r a tu r e .
C38/39/LA H r a t i o  was 1 :2 :1  and th e  r e d u c t io n  was r u n  a t  -1 5 °C .
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h av e  b e e n  u se d  t o  f i n d  an e f f e c t i v e  r e a g e n t  f o r  t h e  a sy m m e tr ic  r e d u c t io n  
o f a  p a r t i c u l a r  s u b s t r a t e ,  s u c h  as  k e to n e  6 3 . T he s u b s t r a t e s  l i s t e d  in  
T ab le  3 a r e  o n ly  th o s e  w h ic h  m ig h t a l lo w  one t o  com pare t h e  e f f e c t i v e n e s s  
o f  t h e  t h r e e  sy s te m s  l i s t e d .  A c o m p a riso n  o f  t h e  r e s u l t s  i n  T a b le  3 w i th  
r e s u l t s  in  T a b le s  1 and 2 f o r  t h e  same m o d i f i e r  i n d i c a t e s  t h a t  t h e  d i r e c ­
t i o n  o f  t h e  a sy m m e tr ic  i n d u c t io n  i n  th e  r e d u c t io n  o f  a c e t y l e n i c  k e to n e s  
i s  t h e  same a s  in  t h e  r e d u c t io n  o f  p h e n o n e s . T h is  s u g g e s t s ,  a s  was p r e ­
v io u s ly  s t a t e d ,  t h a t  t h e  p h e n y l  r i n g  and  a c e t y l e n i c  bond b e h a v e  as  i f  
th e y  h a v e  s i m i l a r  s t e r i c  a n d /o r  e l e c t r o n i c  p a r a m e te r s .  A ls o ,  t h e  d e ­
g re e  o f  a sy m m e tr ic  i n d u c t io n  a c h ie v e d  i n  t h e  r e d u c t io n  o f  a c e t y l e n i c  
k e to n e s  i s  som ew hat g r e a t e r  th a n  t h a t  o b ta in e d  w i th  t h e  p h en o n e s  . From 
T ab le  3 i t  a p p e a r s  t h a t  t h e  N -m e th y le p h e d r in e /3  ,5 - x y le n o l  s y s te m  i s  som e­
w hat m ore e f f e c t i v e  th a n  i s  m o d i f i c a t i o n  by D arvon a l c o h o l .
M o d if ie d  Sodium  B o ro h y d r id e
The m o d i f i c a t i o n  o f  sod ium  b o r o h y d r id e ,  NaBH^, b y  c h i r a l  com pounds 
h a s  two im p o r ta n t  a d v a n ta g e s  o v e r  th e  m o d i f i c a t i o n  o f LAH. One f e a t u r e  
i s  th e  lo w e r c o s t  o f NaBH^. E q u a l ly  im p o r ta n t  i s  th e  g r e a t e r  s e l e c t i v i t y  o f  
b o ro h y d r id e  r e a g e n t s .  T h is  a l lo w s  f o r  m ore c o n v e n ie n t  h a n d l in g  p r o ­
c e d u re s  a s  w e l l  a s  c o m p a t i b i l i t y  w i th  f u n c t i o n a l  g ro u p s  t h a t  w ould be 
a t ta c k e d  by LAH r e a g e n t s .
T here  a r e  r e l a t i v e l y  few  e x a m p le s  o f  c h i r a l  b o r o h y d r id e  r e a g e n t s
71—85 , and g e n e r a l l y ,  low  e e  v a lu e s  ( l e s s  th a n  55%) h a v e  b e e n  o b ta in e d  
in  k e to n e  r e d u c t i o n s .  Up t o  78% e e  was o b ta in e d  i n  t h e  r e d u c t io n  o f 
p ro p io p h e n o n e  u s in g  NaBH^ i n  t h e  p r e s e n c e  o f  b o v in e  serum  a lb u m in  in  
a b o r a x - b u f f e r e d  a q u e o u s  s o l u t i o n . ^  T h is  sy s te m  may n o t ,  h o w e v e r , 
a c t u a l l y  in v o lv e  a  m o d if ie d  b o r o h y d r id e  r e a g e n t .  The a sy m m e tr ic  i n -
43
d u c t io n  may b e  d u e  p r i m a r i l y  t o  b in d in g  o f  t h e  s u b s t r a t e  t o  t h e  p r o t e i n .
S e v e r a l  o f  th e  r e p o r t e d  c h i r a l  b o r o h y d r id e  r e a g e n t s  w ere  fo rm ed  
by t r e a t i n g  b o r a n e s  w i th  a l k y l  l i t h i u m  r e a g e n t s ^ - **’’ S in c e  t h e s e  
r e a g e n ts  w ere  n o t  fo rm ed  fro m  NaBH^, a  m a jo r  p o t e n t i a l  a d v a n ta g e  o f  t h e  
u se  o f b o r o h y d r id e  r e a g e n t s  ( lo w  c o s t )  i s  l o s t .  The u s e  o f  b o ra n e s  and  
a l k y l  l i t h iu m  r e a g e n t s  w ould  a l s o  p r e s e n t  some h a n d l in g  p ro b le m s  in  
s c a l e - u p s .
The w ork  t h a t  w i l l  be  r e p o r t e d  i n  t h i s  t h e s i s  c o n c e r n in g  th e  m o d if ­
i c a t i o n  o f b o r o h y d r id e  i s  o f  l e s s e r  im p o r ta n c e  th a n  t h a t  c o n c e r n in g  t h e  
m o d if ic a t io n  o f  LAH. F or t h i s  r e a s o n  o n ly  t h i s  b r i e f  d i s c u s s io n  o f  m o d i­
f ie d  NaBH^ h a s  b een  add ed  to  t h e  end  o f  t h i s  f i r s t  s e c t i o n  . The b o r o h y d r id e  
work how ever a c t u a l l y  l e a d  to  th e  m ore s u c c e s s f u l  LAH m o d i f i c a t i o n  and 
w i l l  t h e r e f o r e  be d i s c u s s e d  f i r s t  in  t h e  f o l lo w in g  s e c t i o n .
I I .  RESULTS AND DISCUSSION
C h i r a l  P o ta s s iu m  B o ro h y d r id e
I n  t h i s  s tu d y  a  c h i r a l  b o r a t e  h y d r id e  w as p r e p a r e d  by t r e a t i n g
t r i s [ ( S )  - 2 - h y d r o x y p r o p y l] b o r a te  w i th  s o l i d  KH i n  r e f l u x i n g  THF. T h is
r e a g e n t  w as u s e d  t o  a s y m m e tr ic a l ly  r e d u c e  p ro p io p h e n o n e  t o  m e th y lp h e n y l-
c a r b i n o l  in  14% e e .
I s o p r o p y l  b o r a t e  r e a c t s  w i t h  an e x c e s s  o f  s o l i d  p o ta s s iu m  h y d r id e
in  THF t o  g iv e  a  q u a n t i t a t i v e  y i e l d  o f  p o ta s s iu m  t r i i s o p r o p o x y b o r o -  
86 87h y d r id e  (KTPBH). * As p a r t  o f  a  b ro a d  b a s e d  s u rv e y  t o  f i n d  c h i r a l
b o r a t e s  t h a t  w ould  b e h a v e  s i m i l a r l y ,  i t  was fo u n d  t h a t  t r i i s o p r o p a n o la m in e  
88b o r a t e  , 64^, r e a c t e d  w i th  e x c e s s  KH i n  r e f l u x i n g  THF t o  g iv e  a  q u a n t i t a t i v e  
y i e l d  o f  p o ta s s iu m  t r i i s o p r o p a n o la m in e  b o r a t e  h y d r id e  (TIPABH) , 65 ,
F ig u re  3 .
When 2 -m e th y lc y c lo h e x a n o n e  was re d u c e d  w i th  TIPABH th e  r e s u l t i n g  
2 - m e th y lc y c lo h e x a n o l  w as a  m ix tu re  o f  c i s  and t r a n s  is o m e rs  in  a  r a t i o  
o f  7 2 :2 8 * . As a  p o i n t  o f  r e f e r e n c e  t h e  same k e to n e  was re d u c e d  by 
p o ta s s iu m  t r i i s o p r o p o x y b o r o h y d r id e  (KTPBH). The c i s / t r a n s  d ia s t e r e o m e r  
r a t i o  o f th e  a l c o h o l  p ro d u c e d  was 8 9 :1 1 .  A lth o u g h  t h e r e  a r e  s i m i l a r  
g roups a t t a c h e d  t o  th e  b o ro n  i n  e a c h  r e a g e n t , t h o s e  i n  TIPABH a r e  t i e d  
b ack  away from  th e  b o ro n  by t h e  n i t r o g e n  a tom . T h is  c a u s e s  l e s s  s t e r i c  
h in d ra n c e  in  TIPABH th a n  In  KTPBH and r e s u l t s  i n  a  l e s s  s t e r e o s e l e c t i v e  
r e d u c t io n .  The lo w e r  s t e r e o s e l e c t i v i t y  o f  TIPABH c o u ld  a l s o  b e  r e l a t e d
*The c i s  iso m e r  i s  l e s s  th e rm o d y n a m ic a l ly  s t a b l e  and p r e d o m in a te s  o n ly  
when b u lk y  r e d u c in g  a g e n t s  a r e  u s e d .  The c i s / t r a n s  r a t i o  i s  t h e r e f o r e  
a  m easu re  o f  t h e  e f f e c t i v e  s t e r i c  b u lk  o f  t h e  r e a g e n t .
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F ig u r e  3 .  The p r e p a r a t i o n  o f  TIPABH, 65^
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i n  some way to  t r a n s a n n u l a r  p a r t i c i p a t i o n  by  n i t r o g e n  i n  t h e  h y d r id e
t r a n s f e r  p r o c e s s .
T r i i s o p r o p a n o la m in e ,  TIPA , h a s  t h r e e  e q u iv a l e n t  a sy m m e tr ic  c e n t e r s
and t h e r e f o r e  e x i s t s  a s  4 o p t i c a l  i s o m e rs  (2  d i a s t e r e o m e r i c  p a i r s  o f
88e n a n t io m e r s ) : R ,R ,R /S ,S ,S ,  ( t h e  " s y m m e tr ic a l  d i a s t e r e o m e r s "  ) and
88R ,S ,S /S ,R ,R  ( t h e  " u n sy m m e tr ic a l  d i a s t e r e o m e r s "  ) .  C om m ercial TIPA
i s  p r e p a r e d  fro m  amm onia and ra c e m ic  p r o p y le n e  o x id e .  S t a t i s t i c a l l y
i t  s h o u ld  b e  a  2 5 :7 5  m ix tu r e  o f  d i a s t e r e o m e r s .  I t  h a s  b e e n  fo u n d  how -
88e v e r  t h a t  t h a t  t h e  r a t i o  i s  a c t u a l l y  3 8 .1 : 6 1 .9 .  A tte m p ts  to  s e p a r a t e
th e  s y m m e tr ic a l  fro m  t h e  u n s y m m e tr ic a l  is o m e rs  v i a  r e c r y s t a l l i z a t i o n  o f  th e
88t r i o l  and t h e  b o r a t e  w e re  o n ly  p a r t i a l l y  s u c c e s s f u l  . An a t t e m p t  to  
e f f e c t  a  s e p a r a t i o n  v i a  t h e  d i f f e r e n t i a l  r a t e s  o f  h y d r o ly s i s  o f  th e  
b o r a te s *  a l s o  f a i l e d . ^
T h e o r e t i c a l l y ,  e i t h e r  o f  two a p p ro a c h e s  c o u ld  b e  u s e d  to  o b t a i n  
an  o p t i c a l l y  p u r e  iso m e r  o f  TIPA . A c o m m e rc ia l sam p le  o f  TIPA c o n ta i n in g  
a l l  f o u r  s t e r e o i s o m e r s  c o u ld  b e  s e p a r a t e d  and  r e s o l v e d  o r  one  o f  th e  
iso m e rs  c o u ld  b e  p r e p a r e d  fro m  c h i r a l  p r e c u r s o r s . C o n s id e r in g  th e  
u n s u c c e s s f u l  a t t e m p t s  t o  s e p a r a t e  t h e  two d i a s t e r e o m e r i c  r a c e m a te s  , 
th e  l a t t e r  a p p ro a c h  a p p e a re d  to  b e  t h e  m ore  p r o m is in g .  I f  o p t i c a l l y  
p u re  TIPA i s  to  be  p r e p a r e d  v i a  t h e  sam e r e a c t i o n  t h a t  i s  u s e d  t o  make 
th e  co m m e rc ia l m ix tu r e  o f  d i a s t e r e o m e r s  ( i . e . ,  r e a c t i o n  o f  ammonia w i th  
3 e q u iv a l e n t s  o f  p r o p y le n e  o x id e )  a l l  t h a t  i s  n e c e s s a r y  f o r  t h e  s y n t h e s i s  
i s  o p t i c a l l y  p u r e  p r o p y le n e  o x id e .
Two m eth o d s  w e re  u s e d  to  p r e p a r e  ( S ) - p r o p y le n e  o x id e  fro m  ( S ) - e t h y l  
l a c t a t e ,  66_, a  r e a d i l y  a v a i l a b l e  and  in e x p e n s iv e  s t a r t i n g  m a t e r i a l .  The
*The b o r a t e  o f  t h e  s y m m e tr ic a l  iso m e r  h y d r o ly z e s  138 t im e s  f a s t e r  i n
88w a te r  th a n  t h a t  o f  t h e  u n s y m m e tr ic a l  i s o m e r .
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89E l i e l - E t i r s t  m e th o d , o u t l i n e d  i n  F ig u r e  4 ,  in v o lv e d  THP p r o t e c t i o n  o f  
t h e  h y d ro x y l  g roup  o f  t h e  e s t e r  fo l lo w e d  b y  LAH r e d u c t io n  t o  t h e  m ono- 
THP p r o t e c t e d  p r o p y le n e  g l y c o l ,  68_. The u n p r o te c te d  1 °  h y d r o x y l  g roup  
was t o s y l a t e d ,  th e n  th e  THP p r o t e c t i n g  g roup  was rem o v ed . T re a tm e n t  o f  
th e  1° t o s y l a t e ,  22.* w i th  KOH r e s u l t e d  in  r i n g  c l o s u r e  t o  th e  o p t i c a l l y  
a c t i v e  o x i d e ,  7 1 .  The o v e r a l l  y i e l d  ( f ro m  l a c t a t e )  r e p o r t e d  b y  E l i e l  and 
F u r s t  was a b o u t 31%.
Two s t e p s  an t h e  s e q u e n c e  w ere  p r i m a r i l y  r e s p o n s i b l e  f o r  t h e  low  
y i e l d .  E l i e l  and F u r s t  o b s e rv e d  t h a t  t h e  re m o v a l o f  th e  THP g roup  
by m e th a n o lic  HC1 gave  a  66% c ru d e  y i e l d  and t h e  f i n a l  r i n g  c l o s u r e  
p ro c e d e d  in  o n ly  a  58% y i e l d .  I n  t h i s  w o rk , rem o v a l o f  t h e  THP g roup  was 
a c c o m p lish e d  in  n e a r l y  q u a n t i t a t i v e  y i e l d  ( th e r e b y  i n c r e a s i n g  t h e  t o t a l  
y i e l d  to  a b o u t 40%) b y  t r e a t i n g  th e  THP p r o t e c t e d  t o s y l a t e ,  6 9 , w i th  
a c a t a l y t i c  amount o f  a c i d i c  io n  ex c h an g e  r e s i n  (Dowex 50) i n  m e th a n o l .
An i n t e r e s t i n g  o b s e r v a t io n  was made w i th  r e g a r d  t o  t h i s  p r o c e d u r e .  Com­
p l e t e  d e p r o t e c t i o n  c o u ld  be a c c o m p lis h e d  o n ly  by two s u c c e s s iv e  t r e a t ­
m ents w i th  r e s i n .  S im p ly  i n c r e a s i n g  th e  am ount o f  io n  e x c h a n g e  r e s i n ,  
th e  volum e o f  MeOH a n d /o r  t h e  r e a c t i o n  tim e  was n o t  s u f f i c i e n t  t o  a f f o r d  
co m p le te  d e p r o t e c t i o n .
The y i e l d  in  t h e  r i n g  c l o s u r e  w as n o t  im proved  u p o n . P r e s u m a b ly ,  
th e  c a u s e  o f  t h i s  low y i e l d  i s  n u c l e o p h i l i c  a t t a c k  by CH on t h e  1 °  
ca rb o n  b e a r in g  t h e  t o s y l a t e  g roup  a n d /o r  on th e  1 °  p o s i t o n  o f  t h e  o x id e ,  
b o th  e v e n ts  r e s u l t i n g  in  t h e  fo rm a t io n  o f  p r o p y le n e  g l y c o l .  A lth o u g h  
t h i s  s i t u a t i o n  m ig h t b e  re m e d ie d  by t h e  u s e  o f  a  n o n - n u c l e o p h i l i c  b a s e  
su c h  a s  NaH, a  s h o r t e r ,  l e s s  e x p e n s iv e  s t r a t e g y  th a n  th e  THP p r o t e c t i o n -  









































F ig u r e  4 .  The p r e p a r a t i o n  o f  (;S) - p r o p y le n e  o x id e  by t h e  E l i e l -  
F u r s t  p r o c e d u r e .
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The o v e r a l l  y i e l d  o f  (S!) - p r o p y le n e  o x id e  fro m  (S) - e t h y l  l a c t a t e ,
6 6 , was i n c r e a s e d  t o  65% by u s in g  t h e  m eth o d  o f  G o ld in g  e t  a l .  ( F ig u r e  
905 ) .  ( S ) - L a c t a t e  w as re d u c e d  by LAH to  ( S ) - p r o p y le n e  g l y c o l ,  7 2 ,
w hich  was t r e a t e d  w i th  HBr/AcOH t o  g iv e  a  m ix tu r e  o f  ( S ) - 2 - a c e t o x y -  
1 -b ro m o p ro p a n e , and  ( R ) - l - a c e to x y - 2 - b r o m o p r o p a n e ,  74^ G o ld in g  r e p o r t e d  
a  9 5 :6  r a t i o  o f  73. to  7 4 , b u t  i n  t h i s  w ork  t h e  p r e s e n c e  o f  was 
b a r e ly  e v id e n t  fro m  t h e  NMR s p e c tru m  o f  t h e  p r o d u c t .  The e x a c t  r a t i o  
i s  i n c o n s e q u e n t i a l ,  h o w e v e r , s i n c e  b o th  is o m e rs  a r e  c o n v e r te d  to  ( S ) -  
p ro p y le n e  o x i d e ,  71_ on  t r e a tm e n t  w i th  p o ta s s iu m  p e n to x id e  i n  1 - p e n t a n o l .
Up to  a n  82% y i e l d  o f  ( S ) - o x id e  was o b ta in e d  i n  t h e  r i n g  c l o s u r e  s t e p  
o f  t h i s  s e q u e n c e .
A lth o u g h  t h i s  was t h e  m ethod  u s e d  to  p r e p a r e  m o s t o f  t h e  71  ^ u s e d  
in  t h i s  s t u d y ,  t h e r e  a r e  two d raw b ack s  to  t h e  s c a l e - u p  o f  t h i s  p r o c e d u r e .  
The e x t e n t  o f  t h e  s c a l e - u p  t h a t  c a n  b e  a c c o m p lis h e d  s a f e l y  i s  l i m i t e d  
somewhat by t h e  LAH r e d u c t io n  s t e p .  A ls o ,  t h e  r e l a t i v e l y  h ig h  c o s t  o f  t h e  
HBr/AcOH u s e d  i n  s t e p  2 c o u ld  b e  i n t i m i d a t i n g  i f  a  s i g n i f i c a n t  s c a l e - u p  
i s  c o n te m p la te d .
91NaBH^ h a s  b e e n  u s e d  to  r e d u c e  m e th y l  l a c t a t e  and  c o u ld  p r o v id e
a  s a f e r  a l t e r n a t i v e  to  LAH f o r  l a r g e - s c a l e  w o rk . S e e le y  and  M cElewee
have o b ta in e d  h a lo h y d r in  b e n z o a te s  by t r e a t i n g  b e n z a ld e h y d e  a c e t a l s
92o f 1 , 2 , - d i o l s  w i th  NBS and  B a r n e t t  h a s  p r e p a r e d  t h e  bromo b e n z o a te
93o f p ro p y le n e  g l y c o l  by t h e  sam e m e th o d . A lth o u g h  t h i s  a p p ro a c h  
r e q u i r e s  2 s t e p s  f o r  e s t e r  f o r m a t io n  fro m  t h e  d i o l  r a t h e r  th a n  1 ,  i t  
i s  l e s s  e x p e n s iv e .  I n c o r p o r a t in g  t h e s e  m o d i f i c a t i o n s  i n t o  t h e  G o ld in g  
p r o c e d u r e ,  s h o u ld  p r o v id e  a  r e a s o n a b ly  s a f e ,  c o n v e n ie n t  an d  c o s t  e f f e c t i v e  
p ro c e d u re  f o r  t h e  l a r g e  s c a l e  p r e p a r a t i o n  o f  c h i r a l  p r o p y le n e  o x id e  
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F ig u r e  6 .  A. p ro p o s e d  p r o c e d u r e  f o r  t h e  l a r g e  s c a l e  p r e p a r a t i o n  
o f  ( S ) - p r o p y le n e  o x id e .
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F ig u r e  7 .  The p r e p a r a t i o n  o f  (.S,S_,S_)-TIPA v i a  m ethod  A .
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Two a p p ro a c h e s  t o  t h e  p r e p a r a t i o n  o f  o p t i c a l l y  a c t i v e  TIPA w e re  
u s e d .  I n  t h e  f i r s t  m e th o d , A ( F ig u r e  7 ) ,  ( S ) - e t h y l  l a c t a t e ,  6 6 , was 
c o n v e r te d  to  t h e  THP p r o t e c t e d  e s t e r ,  67_ ( a s  i n  F ig u r e  4) w h ic h  was 
s u b s e q u e n t ly  t r e a t e d  w i th  a q u e o u s  ammonia t o  p ro d u c e  th e  THP p r o t e c t e d  
a m id e , 78_. T h is  was re d u c e d  w i th  LAH t o  THP p r o t e c t e d  1 - a m in o - 2 - p r o p a n o l , 
7 9 . A llo w in g  79_ t o  r e a c t  w i th  2 e q u i v a l e n t s  o f  t h e  o p t i c a l l y  a c t i v e  
o x id e ,  7^1, r e s u l t e d  i n  t h e  f o r m a t io n  o f  t h e  mono-THP p r o t e c t e d  (S_,S_,j5)- 
TIPA, 80_. Rem oval o f  t h e  p r o t e c t i n g  g ro u p  w i th  c o n c e n t r a t e d  HC1 i n  MeOH 
a f f o r d e d  (S_,S_,S)-TIPA, 8 1 , i n  a  low  o v e r a l l  y i e l d  (29% ). The m a jo r  
c a u se  f o r  t h i s  low  o v e r a l l  y i e l d  was a  45% y i e l d  i n  t h e  LAH r e d u c t io n  
s t e p .
The THP p r o t e c t i n g  g ro u p  was i n c o r p o r a t e d  i n  t h i s  schem e f o r  two 
r e a s o n s : I t  m asks t h e  2° OH g ro u p  and  b lo c k s  p o s s i b l e  r i n g  o p e n in g
on th e  o x id e  w h ic h  w ou ld  l e a d  to  p o ly m e r ic  m a t e r i a l s .  A l s o ,  i t  was 
th o u g h t  t h e  THP g ro u p  w ould  add s u f f i c i e n t  b u lk  to  t h e  am in e  to  i n s u r e  
t h a t  a t t a c k  w ou ld  o c c u r  o n ly  a t  t h e  1 °  c a rb o n  o f  t h e  o x i d e .  I t  was 
l a t e r  d i s c o v e r e d  how ever t h a t  THP p r o t e c t i o n  was n o t  n e c e s s a r y .
The o r i g i n a l  p u r p o s e  o f  t h e  p r e p a r a t i o n  o f  t h e  ( S ) - 1 -a m in o - 2 -
p ro p a n o l d e r i v a t i v e ,  7 9 , was to  p r o v id e  a  r o u t e  t o  an  " u n s y m m e tr ic a l"
o p t i c a l l y  a c t i v e  TIPA is o m e r .  I f  t h i s  am ino a l c o h o l ,  82^, o r  i t s  THP
d e r i v a t i v e , 79_, w e re  a l lo w e d  to  r e a c t  w i th  2 e q u iv a l e n t s  o f  (R) - p r o p y le n e
94o x id e ,  83^, w h ic h  i s  r e a d i l y  a v a i l a b l e  from  ( S ) - a l a n i n e  , (S _ ,Il,R )- 
TIPA, 84_, w ou ld  r e s u l t  ( F ig u r e  8) . T h is  s y n t h e t i c  schem e h a s  n o t  y e t  
been  u t i l i z e d  h o w e v e r . The se c o n d  and  c o n s id e r a b ly  s im p le r  a p p ro a c h  
to  t h e  p r e p a r a t i o n  o f  c h i r a l  TIPA was t h e  r e a c t i o n  o f  a q u e o u s  ammonia 
w ith  a  l i t t l e  o v e r  3 e q u iv a l e n t s  o f  71^, ( F ig u r e  9) .
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F ig u r e  8 .  The p ro p o se d  p r e p a r a t i o n  o f  (S>,R.,R) -T IP A , _84
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F ig u r e  9 .  The p r e p a r a t i o n  o f  (S_,S_,S)-TIPA v i a  m ethod  B .
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A lth o u g h  p o ly m e r iz a t io n  and  a t t a c k  by  n i t r o g e n  on t h e  2 °  c a rb o n
o f t h e  e p o x id e  i n  s u c h  s y s te m s  r e p o r t e d l y  do n o t  o c c u r  to  a n  a p p r e c i a b l e  
95e x t e n t ,  t h e r e  was a  s i g n i f i c a n t  am ount o f  a n  im p u r i ty  i n  t h e  TIPA 
from  b o th  m eth o d s  o f  p r e p a r a t i o n .  I t  was n o t  d e te rm in e d  w h e th e r  t h i s  
was a  p o ly m e r ic  o r  a n  i s o m e r ic  m a t e r i a l ,  b u t  s i n c e  t h i s  b y - p ro d u c t  
was p ro d u c e d  i n  b o th  m e th o d s ,  t h e  THP g ro u p  had  e s s e n t i a l l y  no e f f e c t .
(S _ ,S _ ,S )-T riis o p ro p a n o l am ine  b o r a t e ,  85_, was p r e p a r e d  by a z e o -  
t r o p i c  re m o v a l o f  w a te r  from  th e  t r i o l  and  b o r i c  a c id  i n  t o lu e n e  ( F ig .
10) . The b o r a t e  was r e f l u x e d  w i th  a  m ix tu r e  o f  KH i n  r e f l u x i n g  THF 
to  p ro d u c e  t h e  b o r a t e  h y d r i d e ,  (S_,S_,S)-TIPABH, 86_. A lth o u g h  t h i s  schem e 
w orked w e l l  w i th  t h e  c o m m e rc ia l TIPA d i a s t e r e o m e r i c  m i x t u r e ,  t h e  (S_»S_,S)- 
TIPA p r e p a r e d  v i a  b o th  m eth o d s  A an d  B and  t h e  c o r r e s p o n d in g  b o r a t e  
had b ro a d  m . p 's .  Also*, d i f f i c u l t y  was e n c o u n te re d  i n  t h e  f o r m a t io n  o f  
(S_,S_,S) -TIPABH. E x te n d e d  r e f l u x i n g  was r e q u i r e d  an d  t h e  u p ta k e  o f  KH 
was much l e s s  th a n  e x p e c te d .  R e d u c t io n  o f  p ro p io p h e n o n e  w i th  t h i s  
(S ,S ,S )-T IPA B H  r e s u l t e d  i n  o n ly  37% r e d u c t i o n  w i th  14% e e  ( R ) . Due to  
th e  p o o r c h i r a l  e f f i c i e n c y  o f  t h i s  r e a g e n t ,  i t  w as n o t  s tu d i e d  f u r t h e r  
and t h e  p ro b le m s  e n c o u n te re d  i n  i t s  p r e p a r a t i o n  w e re  n o t  s o lv e d .
T h e re  a r e  some p l a u s i b l e  r a t i o n a l i z a t i o n s  f o r  t h e  s y n t h e t i c  d i f ­
f i c u l t i e s  e n c o u n te r e d .  The im p u r i t e s  i n  t h e  (S_,S_,S)-TIPA may b e  d i f ­
f e r e n t  fro m  t h o s e  c o n ta in e d  i n  t h e  c o m m e rc ia l m a t e r i a l *  an d  may n o t  
be rem oved d u r in g  t h e  b o r a t e  p r e p a r a t i o n  and  r e c r y s t a l l i z a t i o n .  A n o th e r  
p rob lem  was t h e  h y g r o s c o p ic  n a t u r e  o f  t h e  b o r a t e .  The i n i t i a l  p r e ­
p a r a t io n  o f  TIPABH w as d o n e  i n  F e b ru a ry  when t h e r e  was low  h u m id i ty .
At t h a t  t im e  a c h i r a l  TIPAB a p p e a re d  t o  b e  u n a f f e c t e d  by a tm o s p h e r ic
*The c o m m e rc ia l TIPA u s e d  c o n ta in e d  5% d i is o p r o p a n o la m in e  an d  < 0.05% 




















F ig u r e  1 0 . The p r e p a r a t i o n  o f  (S^ S_,S) -TIPABH, 86,
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m o is tu r e  so  no  s p e c i a l  p r e c a u t i o n s  w e re  e v e r  t a k e n  t o  k e e p  t h e  b o r a t e s  
i n  a n  a n h y d ro u s  a tm o s p h e re .  The c h i r a l  TIPAB, how ever was p r e p a r e d  i n  
J u ly  w hen t h e  h u m id i ty  was v e r y  h i g h .  A f t e r  t h e  (S_,S_,S)-TIPABH r e ­
d u c t io n  r e s u l t s  w e re  o b t a in e d  i t  was fo u n d  t h a t  t h e  e s t e r  was a c t u a l l y  
d e l i q u e s c e n t .
The low  % e e  o b ta in e d  i s  n o t  r e a l l y  v e r y  s u r p r i s i n g . The c y c l i c  
s t r u c t u r e  o f  t h i s  r e a g e n t  c a u s e s  t h e  m e th y l  g ro u p s  t o  b e  p u l l e d  away 
from  t h e  b o ro n  w h e re  t h e  h y d r id e  t r a n s f e r  o c c u r s .  I n  a d d i t i o n  (S_>±L>JL)- 
TIPABH i s  p r o b a b ly  to o  s y m m e tr ic a l  t o  g iv e  good  a sy m m e tr ic  i n d u c t i o n .
S in c e  i t  h a s  b e e n  shown t h a t  (S_,S_,j3) -TIPABH and  TIPABH a r e  e f f e c ­
t i v e  r e d u c in g  a g e n ts  f o r  k e to n e s ,  i t  w ould  p r o b a b ly  b e  w o r th w h ile  to  
c o n t in u e  t h i s  s t u d y .  One m o d i f i c a t i o n  w ould  b e  to  r e p l a c e  m e th y l  a t  
th e  c h i r a l  c e n t e r  w i th  o t h e r  g r o u p s . T h is  w ou ld  b e s t  b e  a c c o m p lis h e d  
by u s in g  o t h e r  t e r m i n a l  o x i d e s , 87_, t o  p r e p a r e  t h e  c o r r e s p o n d in g  t r i o l s . 
Of c o u r s e  i f  t h e  a l k y l  g ro u p s  a r e  m ade to o  b u lk y ,  e i t h e r  t h e  b o r a t e  o r  
th e  h y d r id e  may n o t  fo rm . I n  t h i s  w ork  i t  h a s ,  f o r  exam ple, b e e n  fo u n d  
t h a t  t r i m e n t h y l b o r a t e  d o e s  n o t  fo rm  a  h y d r id e .  Thus a n  e x tr e m e ly  
b u lk y  R g ro u p  s u c h  a s  t e r t - b u t y l  s h o u ld  p r o b a b ly  b e  a v o id e d .  A l e s s  
s y m m e tr ic a l  t r i o l  c o u ld  b e  p r e p a r e d  by s y n th e s i z i n g  t h e  c h i r a l  unsym ­
m e t r i c a l  TIPA a s  d e s c r i b e d  i n  F ig u r e  8 o r  p e rh a p s  by  s im p ly  t r e a t i n g  
e th a n o la m in e  w i th  2 e q u i v a l e n t s  o f  p r o p y le n e  o x i d e .  A n o th e r  a p p ro a c h  
to  th e  d e s ig n  o f  s u c h  a  b o r a t e  h y d r id e  sy s te m  c o u ld  in v o lv e  t h e  s y n ­
t h e s i s  o f  s u b s t i t u t e d  t r i p r o p a n o la m in e  b o r a t e s .  I n  o t h e r  w o rd s , by 
s y n th e s i z in g  a  c h i r a l  a m i n o t r i o l  w i th  t h e  am in e  a n d  a l c o h o l  f u n c t i o n s  
i n  1 and  3 p o s i t i o n s  r e l a t i v e  t o  e a c h  o t h e r , a  b i c y c l i c  b o r a t e  c o n ­
t a i n in g  two 10-m em bered  r i n g s ,  i n s t e a d  8-m em bered r i n g s  a s  i n  TIPAB, 




R = E t , i - P r , iHBu
C h i r a l  L i th iu m  Aluminum H y d r id e
I f , i n s t e a d  o f  h y d r o x y a lk y la t in g  ammonia w i th  3 e q u i v a l e n t s  o f
p ro p y le n e  o x id e ,  a  p r im a ry  am ine  i s  a l lo w e d  t o  r e a c t  w i th  2 e q u i v a l e n t s
96o f p r o p y le n e  o x id e ,  a n  N - s u b s t i t u t e d  d i is o p r o p a n o la m in e  i s  p ro d u c e d .
In  t h i s  m anner a  s e r i e s  o f  c h i r a l  d i i s o p r o p r a n o l a m in e s , 88_, w e re  p r e p a r e d  
(F ig u r e  1 1 ) .  By t r e a t i n g  (R ) -a -m e th y lb e n z y la m in e  w i th  2 e q u iv a l e n t s  
o f e th y l e n e  o x id e ,  t h e  c h i r a l  d i e th a n o la m in e ,  8 9 , was a l s o  p r e p a r e d .
A lth o u g h  (S_,S_,S) -TIPA  was a  r e l a t i v e l y  i n e f f e c t i v e  b o r o h y d r id e  
m o d i f i e r ,  a  p r e l i m i n a r y  e v a lu a t i o n  o f  88a a s  a n  LAH m o d i f i e r  i n  k e to n e
H Me
I  H2 °  /  ■
C 7  ---------------------  j P OV  R—N OH /;
Z l  88
R=




( R) - Ph6HNH2+ 2 Z A  H2° ( R ) - P h C H N 1 ' ° *
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F ig u r e  1 1 . The p r e p a r a t i o n  o f  c h i r a l  a m in o d io ls  fro m  ( S ) -  
p r o p y le n e  o x id e .
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r e d u c t io n s  ( T a b le  4) i n d i c a t e d  t h a t  t h i s  ty p e  o f  sy s te m  h a d  p o t e n t i a l  
as an a sy m m e tric  r e d u c in g  a g e n t .  P ro p io p h e n o n e  and a c e to p h e n o n e  w ere 
re d u c e d  i n  a b o u t 40% e e .  The a sy m m e tr ic  in d u c t io n  d e c r e a s e d  w i th  2 -  
c h lo ro a c e to p h e n o n e  w h ic h  was re d u c e d  in  o n ly  32% e e .  A d d i t io n  o f  a  comod­
i f i e r  ( 2 -p ro p a n o l)  and t h e  u s e  o f  e x c e s s  r e a g e n t  w ere  fo u n d  t o  d e c r e a s e  
th e  % e e  (R e d u c tio n  n o s .  4 and 5 i n  T a b le  4 ) .  The lew  a sy m m e tr ic  i n ­
d u c tio n  (1% e e )  when tw ic e  a s  much r e a g e n t  was u s e d  was p r o b a b ly  due
to  in c r e a s e d  r e d u c t io n  by  u n m o d if ie d  LAH from  d i s p r o p o r t i o n a t i o n  a s
34s u g g e s te d  by J o h n s o n . The r e v e r s a l  i n  t h e  d i r e c t i o n  o f  t h e  s t e r e o ­
s e l e c t i v i t y  i s  i n t e r e s t i n g ,  b u t  p r o b a b ly  n o t  w o r th  much s p e c u l a t i o n  
as t o  i t s  o r i g i n  b e c a u s e  o f  th e  low  e e  v a l u e .  The lo w er % e e  o b ta in e d  
when t h e  m o d i f i e r  was add ed  m ore q u i c k l y ,  n o .  6 vs_ n o  1 ,  may i n d i c a t e  
t h a t  s lo w e r  a d d i t i o n  o f  t h e  d i o l  i s  p r e f e r a b l e  p o s s ib l y  d u e  t o  t h e  m ore 
p re d o m in a n t fo rm a tio n  o f  a  c y c l i c  m onom eric  s p e c i e s .  N os. 6 -9  p r o ­
v id e  a  co m p ariso n  o f  4 p o s s i b l e  p r o c e d u r e s  t h a t  w ere c o n s id e r e d  ( s e e  
e x p e r im e n ta l ) .  I t  i s  o b v io u s  t h a t  p r o c e d u r e  D , n o .  9 ,  p r o d u c e s  g r e a t e r  
a sy m m e tric  i n d u c t i o n .  I n  t h i s  p r o c e d u r e  t h e  r e a g e n t  w as fo rm e d  by  a d ­
d i t i o n  o f t h e  m o d i f ie r  s o l u t i o n  d ro p w is e  o v e r  m in u te s  t o  a  m ix tu re  o f  LAH 
in  e t h e r  a t  0°C . A f t e r  c o o l in g  th e  m ix tu re  t o  -7 8 °C , a  s o l u t i o n  o f  t h e  
k e tc n e  i n  e t h e r  was added  d ro p w ise  o v e r  5 -1 0  m in u te s .
In  o r d e r  t o  t r y  t o  s t a n d a r d i z e  and o p t im iz e  c o n d i t io n s  in  a  c o n v e n ­
i e n t  way two s m a l l  c h a n g es  w ere  made i n  t h i s  p r o c e d u r e  i n  s u b s e q u e n t  r e ­
d u c t io n s .  The r a t e  o f  t h e  m o d i f i e r  a d d i t i o n  was m ore a c c u r a t e l y  c o n t r o l ­
le d  so  t h a t  i t  was c o m p le te d  o v e r  a  2 m in u te  d u r a t i o n .  A ls o ,  th e  l e n g t h  o f  
tim e  t h a t  t h e  low te m p e r a tu r e  (-7 8 °C ) was m a in ta in e d  was c o n v e n ie n t ly  
c o n t r o l l e d  by s im p ly  f i l l i n g  a  2 L b a th  w i th  d ry  i c e / a c e t o n e .  I t  was 
th en  a b o u t 7 h o u rs  b e f o r e  t h e  te m p e r a tu r e  beg an  t o  i n c r e a s e .
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T a b le  4 .  P r e l i m i n a r y  r e d u c t io n s  w i th  LAH m o d if ie d  by 8 7 a .
PhCOR 1 )  M H / 8 M .  E V  „ ^  p h 0HR
2) H y d r o ly s i s
R e d u c tio n  % P ro d u c t  % ee*3
No. R P ro c e d u r e R e d u c tio n ( C o n f ig u r a t io n )
1 E t AC 100 41 (R)
2 Me AC 100 38 (R)
3 ch2 c i AC 100 32 (R )f
4 E t Ad 36 16 (R)
5 fl A6 100 1 ( s )
6 II A 100 29 (R)
7 19 B 100 31 (R)
8 II C 100 38 (R)
9 II D 100 57 (R)
See t h e  e x p e r im e n ta l  s e c t i o n  f o r  d e t a i l s .
8The % e e  was c a l c u l a t e d  from  t h e  r e p o r t e d  maximum r o t a t i o n :  
PhCH(OH)Et, a 222 9 .1 6 °  ( n e a t ) 9 7 ; PhCH(0H)Me, a 223 8 .7 °  ( n e a t ) 9 7 ; 
PhCH(OH)CH2C l ,  [ a ] 2 5 - 4 7 .8 °  (c  2 . 8 ,  c y c lo h e x a n e ) 9 8 .
Q
The a m in o d io l  s o l u t i o n  was ad d ed  o v e r  15 m in .
dI s o p r o p a n o l  (1  e q u iv a l e n t )  was a d d ed  a f t e r  t h e  a m in o d io l  had  
b een  a d d e d . The m ix tu r e  was th e n  s t i r r e d  f o r  15 m in  b e f o r e  t h e  
k e to n e  s o l u t i o n  w as a d d e d . L i t t l e  g a s  was e v o lv e d  i n  t h e  w o rk u p .
0
A tw o fo ld  am ount o f  r e a g e n t  was u s e d .
f
A f t e r  p u r i f i c a t i o n  by  p r e p .  GC.
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I n  T a b le  5 a r e  su m m arized  t h e  r e s u l t s  o f  t h e  r e d u c t i o n  o f  3 s u b ­
s t r a t e s  w i th  LAH m o d if ie d  by e a c h  o f  t h e  a m in o d io l s .  R. c a r b i n o l s  w e re  
p ro d u ce d  w i th  8 8 a -8 8 d  e x c e p t  i n  t h e  two ano m alo u s r e a c t i o n s ,  3 and  1 1 , 
w h ich  w ere  i n v e s t i g a t e d  and  w i l l  b e  d i s c u s s e d  l a t e r .  The f o r m a t io n  
o f  a c e t y l e n i c  a l c o h o l s  o f  t h e  sam e c o n f i g u r a t i o n  a s  t h e  a l k y l  p h e n y l  
c a r b i n o l s  i s  i n  a g re e m e n t w i th  p r e v io u s  s t u d i e s  w i th  o t h e r  am ino a l c o h o l  
m o d i f i e r s ,  s u g g e s t in g  o n c e  a g a in  t h a t  t h e  p h e n y l  r i n g  a n d  a c e t y l e n i c  
bond h a v e  s i m i l a r  e l e c t r o n i c  a n d /o r  s t e r i c  p a ra m e te r s  None
o f  t h e s e  l i g a n d s ,  h o w e v e r , a p p e a r  t o  b e  a s  e f f e c t i v e  i n  t h e  a c e t y l e n i c  
k e to n e  r e d u c t io n s  a s  i n  t h e  a l k y l  p h e n y l  k e to n e  r e d u c t i o n s . T h is  i s  i n  
c o n t r a s t  to  t h e  r e s u l t s  o f  s e v e r a l  p r e v io u s  s t u d i e s  w i th  o t h e r  m o d i f i e r s  
in  w h ich  t h e  a sy m m e tr ic  i n d u c t io n  o b ta in e d  w i th  a c e t y l e n i c  k e to n e s  i s  
g e n e r a l l y  e q u a l  to  o r  s u p e r i o r  t o  t h a t  o b ta in e d  w i th  p h en o n e s  
F u r th e r  d i s c u s s i o n  o f  t h i s  phenom enon w i l l  b e  r e s e r v e d  u n t i l  l a t e r .  
A n o th e r t r e n d  w h ic h  a p p e a r s  i n  t h i s  s e r i e s  o f  r e s u l t s  and  w h ic h  a l s o  
w i l l  b e  d i s c u s s e d  l a t e r  w i th  a d d i t i o n a l  r e s u l t s  i s  t h e  i n c r e a s e d  am ount 
o f c a r b i n o l  t h a t  i s  p ro d u c e d  w h en ev e r r e d u c t i o n  i s  in c o m p le te ,  n o s .
3 ,  7 and  1 1 . The m o st d r a m a t ic  ex am p le  o f  t h i s  o c c u r s  w i th  8 8 b , n o s .
2 vs_ 3 and  10^ v s  1 1 .
L ig a n d  8 7 a  ( n o s .  1 ,  9 and 16) a p p e a r s  t o  b e  a  f a i r l y  e f f e c t i v e  
LAH m o d i f i e r .  L ig a n d  88b ( n o s .  2 ,  3 ,  1 0 , 11 and  17) c o u ld  b e  a n  e x ­
c e l l e n t  m o d i f i e r  i f  t h e  s o u r c e  o f  t h e  w i ld  v a r i a t i o n  i n  e n a n t i o s e l e c -  
t i v i t y  c a n  b e  d e te r m in e d  and  c o n t r o l l e d . L ig a n d s  8 8 c , 88d and  89_ w e re  
d e s ig n e d  s p e c i f i c a l l y  t o  p ro b e  t h e  e f f e c t  o f  c h i r a l  c e n t e r s  i n  t h e  
c a r b i n o l  and  n o n c a r b in o l  " a rm s"  o f  t h e  m o d i f i e r .  From t h e  r e s u l t s  w i th  
88a (n o s  . 1 , 9  and  16) , i t  a p p e a r s  t h a t  t h e  S_,S_-diol m o ie ty  c a u s e s  a 
s u b s t a n t i a l  p re d o m in a n c e  o f  Et c a r b i n o l .  N o s . 8 ,  15 and  20 i n  w h ich  89_
63
Table 5 .  R eduction  o f  k eto n es by LAH m od ified  by 88a-88d and 8 9 .a
1) LAH/88 o r  89 , E t  0 ,  - 7 8 °C OH
RCOR' ----------------------------------- - ----------------- ►- RCHR*
2) H y d r o ly s i s
R e d u c tio n
No. K e to n e M odif ie r*3
%
R e d u c tio n
P r o d u c t  % e e C 
( C o n f ig u r a t io n )
1 PhCOEt 88a 100 5 7 , 47 (R)
2 If 88b 100 83 , 82d (R)
3 II fl 66e 32 (S)
4 II 88c 100 19 (R)
5 »f 88d 100 77 (R)
6 fl II 100 68 (R)
7 fl If 59® 34 (R)
8 II 89_ 100 10 (S)
9 PhCOMe 88a 100 44 (R)
10 II 88b 100 53 (R)
11 II II 94e 17 (S )f
12 II 8 8 c 79® 33 (R )f
13 II 88d 100 76 (R)
14 II It 100 8 1 , 82d (R)
15 II 89 100 10 (S_)
16 C5H1:lCOC=CH 88a 1008 13 (R)
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T a b le  5 c o n t in u e d .
R e d u c tio n % P ro d u c t  % e e c
No. K eto n e M o d if ie r R e d u c tio n ( C o n f ig u r a t io n )
17 C5H11C0CECH 88b 100s 43 (R)
18 f t 88c 100s 19 (R)
19 I t 88d 100s 20 (R)
20 f t 89 1008 5 (S)
P r o c e d u r e  E was u s e d  i n a l l  r e d u c t i o n s . S ee t h e e x p e r im e n ta l  s e c t i o n
f o r  d e t a i l s .
^See F ig u r e  11 f o r  t h e  s t r u c t u r e s ,  
c,
The % e e  was c a l c u l a t e d  fro m  t h e  r e p o r t e d  maximum r o t a t i o n :  
C5Hn CH(OH)C=CH, [ a ] D2 0 .5 °  ( c  2 ,  E t20 ) 5 6 ; f o r  a D l i t .  o f  
PhCH(OH)Et and PhCH(OH)Me s e e  f o o t n o t e  b i n  T a b le  4 .
^ A f te r  p u r i f i c a t i o n  by p r e p .  GC.
0
Gas was e v o lv e d  d u r in g  t h e  w o rk u p .
^ [ a ] ^  l i t .  f o r  t h e  c a r b i n o l  c o n ta in in g  u n re d u c e d  k e to n e  was ta k e n  
from  r e f e r e n c e  1 0 0 .
^ D eterm in ed  v i a  IR .
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was u s e d  i n d i c a t e  t h a t  an  ( R ) - 2 - m e th y lb e n z y l  f ra g m e n t r e s u l t s  in  th e  
s m a l l  b u t  s i g n i f i c a n t  p re d o m in a n c e  o f  S c a r b i n o l .  L ig an d  8 8 c . c o n ta in in g  
b o th  S ^ - d i o l  and  ( R ) - 2 - m e th y lb e n z y l  m o i e t i e s ,  in d u c e s  t h e  f o rm a t io n  o f  
R c a r b i n o l s  ( n o s .  4 ,  12 and 18) b u t  t o  a  l e s s e r  e x t e n t  th a n  t h e  S.,S_- 
d i o l  m o ie ty  a lo n e  i n  8 8 a . Q u i te  s u r p r i s i n g ,  h o w ev er i s  th e  r a t h e r  l a r g e  
enhancem ent e f f e c t  o b s e rv e d  when an ( S ) - 2 - m e th y lb e n z y l  g ro u p  i s  com bined 
w ith  an j3 ,S _ -d io l r e s i d u e  i n  88d ( n o s .  5 ,  6 , 7 , 13 , 14 and 19) . T h is  
c o m b in a tio n  p ro d u c e s  a  l a r g e  p re d o m in a n c e  o f  t h e  R. c a r b i n o l  (up t o  82% 
e e , n o . 14) .
The e f f e c t i v e n e s s  o f  88d can  be  r a t i o n a l i z e d  u s in g  t h e  s t e r e o c o r -  
r e l a t i o n  m o d el shown in  d ra w in g  90 . S in c e  t h e  r e a g e n t  fo rm ed  by  a d d in g  
88d to  an LAH s o l u t i o n  i s  s o l u b l e  in  e t h e r ,  i t  i s  assum ed t h a t  i t  i s  
a c y c l i c  m o n o m e r .^  A lth o u g h  i t  i s  e a s i e r  to  s e e  i f  a  m odel i s  m ade, 
th e  n i t r o g e n  and  t h e  tw o  o x y g en s  o f  t h e  m odel com plex a r e  p e r f e c t l y  
p o s i t i o n e d  t o  c o o r d i n a te  w i t h  a  L i c a t i o n  w h ic h  c a n  a l s o  c o o r d in a te  t o  one 
m o le c u le  o f  k e to n e .  The b u lk  o f  t h e  p h e n y l  and m e th y l  g ro u p s  on t h e  
fo rw ard  f a c e  o f  t h i s  s t e r e o c o r r e l a t i o n  m o d el w ould  f a v o r  c o o r d in a t io n  
of t h e  k e to n e  w i th  t h e  l a r g e r  g ro u p  (L) on th e  b a c k  s i d e  away from  t h e  
l ig a n d  b u l k .  S u b s e q u e n t t r a n s f e r  o f  t o  th e  k e to n e  r e s u l t s  in  fo rm a ­
t io n  o f t h e  a l c o h o l  h a v in g  t h e  II c o n f i g u r a t i o n .
A s i m i l a r  m o d e l can  be u se d  to  e x p la in  t h e  lo w e r  % e e ' s  o b ta in e d  
w ith  t h e  o t h e r  l i g a n d s .  W ith  3 8 d , t h e  p h e n y l  g ro u p  w ould  b e  on t h e  b a c k  
fa c e  in  o p p o s i t io n  t o  t h e  b u lk  o f  t h e  m e th y l g roup  on t h e  f r o n t  f a c e  
r e s u l t i n g  in  d e c r e a s e d  a sy m m e tr ic  i n d u c t io n .  8 8 a , o f  c o u r s e ,  d o e s  n o t  
c o n ta in  a  p h e n y l  g ro u p  s o  t h e  a sy m m e tr ic  i n d u c t io n  i s  d u e  e n t i r e l y  t o  
th e  p o s i t i o n i n g  o f  t h e  m e th y l  g r o u p s ,  and £[9^  do es  n o t  c o n ta in  t h e  m e th y l 
g roups s o  w i th  t h i s  l ig a n d  t h e  i n d u c t io n  i s  d u e  e n t i r e l y  t o  t h e  r e l ­
a t i v e  p o s i t i o n  o f  t h e  p h e n y l  g ro u p . A lth o u g h  t h e  a c t u a l  c o n fo rm a tio n
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o f  t h e  2 -m e th y lb e n z y l  p o r t i o n  o f  t h e  m o d el i s  q u e s t i o n a b l e ,  t h e  e f f e c t  
o f  o p p o s i t e  c o n f i g u r a t i o n s  c a u s e s  t h e  % e e  v a lu e s  t o  move i n  o p p o s i t e  
d i r e c t i o n s  c l e a r l y  i n d i c a t i n g  t h a t  t h e  am ine  p o r t i o n  i s  a n  im p o r ta n t  
c o n s id e r a t i o n  i n  l i g a n d  d e s ig n .
L ig a n d  88b i s  a  s p e c i a l  c a s e .  P re su m a b ly  t h e  p r e s e n c e  o f  t h e  t e r t -  
b u t y l  g ro u p  h a s  add ed  so  much b u lk  t o  th e  s y s te m  t h a t  i t  h a s  becom e 
v e ry  s e n s i t i v e  to  s m a l l  c h a n g es  i n  t h e  r e a c t i o n  c o n d i t i o n s , p o s s ib l y  
r e s u l t i n g  i n  t h e  f o r m a t io n  o f  a  r e a g e n t  w i th  a  c o m p le te ly  d i f f e r e n t  
s t r u c t u r e .  I n  a n  a t t e m p t  to  d e te r m in e  th e  c a u s e  o f  t h e  w id e ly  v a r i a b l e  
r e s u l t s  when 88b was u s e d  s e v e r a l  r e d u c t io n s  o f  p ro p io p h e n o n e  w ere  
done u n d e r  v a r y in g  c o n d i t i o n s .  T h ese  a r e  sum m arized  i n  T a b le  6 .  I t  
had b e e n  hoped  t h a t  e x a m in a t io n  o f  some o f  t h e  v a r i a b l e s  t h a t  h a v e  
a f f e c t e d  o t h e r  s y s te m s  w ould  sh e d  some l i g h t  on  t h e  s i t u a t i o n .  N o s .
1 -1 0  i n d i c a t e  t h a t  t h i s  a p p ro a c h  f a i l e d  f o r  t h e  m o s t p a r t .  No c o n c lu s io n s  
ca n  b e  draw n from  t h e s e  r e s u l t s  b e c a u s e  % e e  v a lu e s  c o u ld  n o t  b e  c o n s i s ­
t e n t l y  r e p r o d u c e d .  E n t ry  n o . 2 ,  f o r  e x a m p le , r e p r e s e n t s  two d u p l i c a t e  
e x p e r im e n ts  w h ic h  g a v e  w id e ly  d i f f e r e n t  r e s u l t s  e v e n  th o u g h  a n  a t t e m p t  
was made to  ru n  th e  r e d u c t io n s  u n d e r  i d e n t i c a l  c o n d i t i o n s .
The r e s u l t s  l i s t e d  i n  n o s .  1 1 -1 6  how ever do p r o v id e  some i n s i g h t  
a s  to  t h e  c a u s e  o f  t h e  anom alous b e h a v io r .  A l l  o f  t h e s e  r e d u c t io n s  
w ere c a r r i e d  o u t  w i th  s t a n d a r d i z e d  LAH s o l u t i o n s  an d  a l l  e x c e p t  n o .  16 
r e s u l t e d  i n  in c o m p le te  r e d u c t io n  and  p re d o m in a n t f o r m a t io n  o f  t h e  S_ 
iso m er i n  c o n t r a s t  to  p r e f e r e n t i a l  II iso m e r  f o r m a t io n  when s o l i d  LAH 
was u s e d  i n  t h e  c o n v e n t io n a l  way so  t h a t  a  s u s p e n s io n  r e s u l t s  . T h is  
p ro d u c t c o n f i g u r a t i o n  r e v e r s a l  i s  n o t  a n  i n d i c a t i o n  o f  a  s im p le  r e a g e n t  
s o l u b i l i t y  e f f e c t ,  h o w e v e r , s i n c e  R a l c o h o l  was p ro d u c e d  i n  n o .  9 i n  
w hich th e  i n i t i a l  LAH s u s p e n s io n  was f i l t e r e d  b e f o r e  a d d i t i o n  o f  t h e
T a b le  6 .  R e d u c tio n s  o f  p ro p io p h e n o n e  w i th  LAH m o d if ie d  by 88b . a
OH
PhCOEt ^  LAH/8 § b ,  E t2 0 ,  -7 8  C phCHEt 
------------------------------------------
2 )  H y d r o ly s is
R e d u c tio n  % P ro d u c t  % e e ^
N o .______  P ro c e d u re  M o d if ic a t io n  R e d u c tio n  ( C o n f ig u r a t io n )
1 K e to n e  s o ln  was added  o v e r  25 s e c .  80 31  (S)
2 . . . .  „ „ 6 m in . 10o 82 ,5 0 d (R)
3 " " " " " 47 " . 90® 23 (S )
4 A tw o fo ld  amount o f  r e a g e n t  was u s e d .  100 44 (R)
5 The r e a g e n t  was r e f l u x e d  f o r  1 /2  h  100 33 (R)
th e n  c o o le d  to  -7 8  C o v e r  25 m in .
6 The r e a g e n t  was fo rm ed  a t  RT. 100 65 (R)
7 " "  " " " -7 8 °C . 100 51  (R)
8 The m o d if ie r  s o ln  was added o v e r  45 100 40 (R)
s e c ;  t h e  m ix tu re  was s t i r r e d  f o r  15
s e c  th e n  c o o le d  to  -7 8  C o v e r  8 m in .
T ab le  6 c o n t in u e d .
R e d u c tio n  % P r o d u c t  % e e ^
N o._______  P ro c e d u re  M o d if ic a t io n  R e d u c tio n  ( C o n f ig u ra t io n )
9 The LAH s o ln  (m ix tu re )  was f i l t e r e d .  100^ 15 (R)
10 The r e a c t i o n  was w orked up a f t e r  6 h . 35e  10 (S)
11 P ro c e d u re  F was u se d .®  82^ 23 (S)
12 " " " " . 8 4 1 f  39 (S )
13 P ro c e d u re  F was u se d  and 1 e q u iv a l e n t  27^  54 (S)
o f  jt-PrOH was a d d e d .
14 P ro c e d u re  F was u se d  and  t h e  h y d r o ly s i s  95^ 43 (S )
was done w i th  D2 O.®
15
O f
P ro c e d u re  F w as u s e d . 70 35 (S)
16 " " " " . h  100C 17 (R)
P r o c e d u r e  E was u s e d  i n  a l l  r e d u c t io n s .  See th e  e x p e r im e n ta l  s e c t i o n  f o r  d e t a i l s .  
^S ee  f o o tn o te  b in  T a b le  4 f o r  l i t .  o f  PhC H (0H )Et.
F o o tn o te s  from  T a b le  6 c o n t in u e d .
c
A v e r y  s m a l l  am ount o f  g as  was e v o lv e d  upon h y d r o l y s i s ,  
r e p e a t  o f  t h e  e x p e r im e n t .
" £ Gas was e v o lv e d  d u r in g  th e  w o rk u p .
^N o  gas e v o lu t io n  was o b s e rv e d  d u r in g  th e  w o rk u p .
^ h e  LAH s o l u t i o n  was s t a n d a r d iz e d  by m e a su r in g  th e  gas e v o lv e d  upon h y d r o ly s i s  o f  an a l i q u o t  w i th  2 N HC1. 
T h is  m ethod was s u b s e q u e n t ly  found to  b e  i n a c c u r a t e .  The am ount o f  LAH p r e s e n t  was t h e r e f o r e  s i g i i f i c a n t l y  
l e s s  th a n  th e o r y .
^The LAH s o l u t i o n  was a n a ly z e d  v i a  t h e  S ta n fo r d  m ethod w hich  p re su m a b ly  p r o v id e s  an a c c u r a te  a n a l y s i s .
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m o d i f i e r .  A f t e r  e x p e r im e n ts  n o .  1 1 -1 5  had  b e e n  c o m p le te d  i t  was r e p o r t ­
ed to  u s  i n  a  p r i v a t e  c o m m u n ica tio n  t h a t  r e s e a r c h e r s  w o rk in g  w i th  P r o ­
f e s s o r  H. S . M osher a t  S ta n f o r d  U n i v e r s i t y  had  e x p e r ie n c e d  d i f f i c u l t y  w i th  
c o n v e n t io n a l  m e th o d s  o f  LAH a n a l y s i s  i n  c o n n e c t io n  w i th  w ork  on k e to n e  
r e d u c t i o n s .  S p e c i f i c a l l y  i t  was fo u n d  t h a t  a n a l y s i s  by m e a s u r in g  th e  
g a s  e v o lv e d  upon  h y d r o ly s i s  o f  a l i q u o t s  o f  t h e  s o l u t i o n  g a v e  h y d r id e  
c o n c e n t r a t i o n  r e s u l t s  t h a t  d id  n o t  a c c u r a t e l y  r e f l e c t  t h e  a v a i l a b l e  
r e d u c in g  h y d r id e  c o n t e n t .  Thus i t  becam e a p p a r e n t  t h a t  an  i n s u f f i c i e n t  
am ount o f  LAH h ad  b e e n  u s e d  i n  e x p e r im e n ts  1 1 -1 5 , b u t  t h e  e x a c t  am ount
u se d  c o u ld  n o t  b e  d e te r m in e d .  F o r  n o . 16 a  m ore r e l i a b l e  m ethod  o f  LAH
103a n a l y s i s  f o r  r e d u c in g  h y d r id e  c o n te n t  d e v e lo p e d  a t  S ta n f o r d  was u s e d .
In  t h i s  c a s e  t h e r e  was c o m p le te  r e d u c t io n  and  th e  R_ iso m e r  p r e d o m in a te d .
S in c e  l i t t l e  g a s  was e v o lv e d  upon  h y d r o ly s i s  o f  t h i s  r e a c t i o n  t h e r e  m u s t
s t i l l  r e m a in  some q u e s t io n  a s  to  t h e  a c c u ra c y  o f  t h e  a n a l y s i s , b u t  t h e r e
was m ore LAH p r e s e n t  th a n  i n  n o s .  1 1 -1 5 .
I t  seem s r e a s o n a b le  a t  t h i s  p o i n t  to  p ro p o s e  t h a t  a  p o s s i b l e  c a u s e
o f  t h e  a p p a r e n t l y  random  a sy m m e tr ic  i n d u c t io n  i s  r e l a t e d  to  a  v a r i a t i o n
in  t h e  am ount o f  LAH p r e s e n t  i n  s o l u t i o n .  F o r e x a m p le , w i th  8 7 b , t h e
d ia lk o x y a lu m in u m  h y d r id e  c o u ld  p ro d u c e  R c a r b i n o l  w h e re a s  a  t r i a l k o x y
s p e c ie s  c o u ld  y i e l d  c a r b i n o l s .  T h is  r a t i o n a l i z a t i o n  o f  t h e  u n u s u a l
b e h a v io r  o f  t h e  8 7 b /LAH sy s te m  how ever r a i s e s  a d d i t i o n a l  q u e s t i o n s .
How c o u ld  t h e  am ount o f  LAH h a v e  v a r i e d  i n  n o s .  1 -1 0 ?  A c o a t in g  o f
alum inum  h y d r o x id e  o r  l i t h i u m  a lu m in a te  ca n  fo rm  on th e  s u r f a c e  o f  s o l i d
104LAH. T h is  c o a t in g  c a u s e s  LAH t o  decom pose o n ly  s lo w ly  i n  m o is t  a i r .
Such a  c o a t in g  w ould  p re su m a b ly  a l s o  i n h i b i t  d i s s o l u t i o n  o f  t h e  LAH 
in  e t h e r  and  r e a c t i o n  w i th  t h e  m o d i f i e r .  T h is  a rg u m e n t i s  s u p p o r te d  
by th e  o b s e r v a t io n  t h a t  t h e  w h i te  p r e c i p i t a t e  t h a t  was s e p a r a te d  fro m
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th e  LAH s o l u t i o n s  v i a  f i l t r a t i o n  c o n ta in e d  a  s i g n i f i c a n t  am ount o f  
a c t i v e  h y d r id e .  T h is  p r o p o s a l  i s  a l s o  s u p p o r te d  by  t h e  f a c t  t h a t  i n  
th o s e  r e a c t i o n s  w h ere  s o l i d  LAH h ad  b e e n  u s e d  and  w h e re  r e d u c t i o n  was 
in c o m p le te ,  g a s  w as s t i l l  e v o lv e d  d u r in g  t h e  w o rk u p . The am ount o f  
LAH a c t u a l l y  i n  s o l u t i o n  c o u ld  t h e r e f o r e  d ep en d  on th e  e x t e n t  o f  c o a t ­
in g  f o r m a t io n ,  p a r t i c l e ,  s i z e ,  and  t h e  r a t e  o f  s t i r r i n g .  As a  r e s u l t ,  
t h e r e  may b e  a  w id e  v a r i a t i o n  i n  t h e  am ount o f  a v a i l a b l e  LAH i n  t h e s e  
r e a c t i o n s .
A q u e s t i o n  t h a t  r e m a in s  i s  why t h e r e  seem ed t o  b e  i n s u f f i c i e n t  
h y d r id e  p r e s e n t  i n  n o .  16 ( i . e . ,  why w as t h e r e  l i t t l e  g a s  e v o lu t io n  
d u r in g  t h e  w orkup) and  why w a s n 't  t h e  % e e  o f  t h e  R iso m e r  h ig h e r ?
T here  a r e  a t  l e a s t  two p o s s i b l e  r a t i o n a l i z a t i o n s .  P e rh a p s  some n o v e l  
m echanism  t h a t  c a u s e s  d e s t r u c t i o n  o f  1 e q u iv a l e n t  o f  h y d r id e  i s  o c c u r ­
r in g  o r  m aybe t h e r e  i s  s t i l l  a  p ro b le m  w i th  th e  a n a l y s i s  o f  t h e  LAH 
s o l u t i o n .  R a th e r  t h a n  a t t e m p t  t o  s p e c u l a t e  i t  w ou ld  p r o b a b ly  b e  b e t t e r  
to  s u b je c t  t h e  i s s u e  t o  f u r t h e r  e x p e r im e n ta l  t e s t s .  D is c u s s io n  o f  t h i s  
p rob lem  w i l l  b e  c o n t in u e d  i n  c o n ju n c t io n  w i th  t h e  f o l lo w in g  a n a l y s i s  o f  
th e  r e s u l t s  i n  T a b le  7 .  A lth o u g h  t h e r e  a r e  s t i l l  p ro b le m s  w i th  t h i s  
s y s te m , 88b i s  p o t e n t i a l l y  a  m o d i f i e r  t h a t  c a n  b e  u s e d  t o  p ro d u c e  e i t h e r  
R o r  S c a r b i n o l s  o f  h ig h  o p t i c a l  p u r i t y .
Of a l l  t h e  m o d i f i e r s  t e s t e d ,  88d p r o v id e d  t h e  h i g h e s t  a sy m m e tr ic  
i n d u c t io n  m o st c o n s i s t e n t l y .  To d e te r m in e  t h e  l i m i t a t i o n s  o f  t h i s  
l ig a n d  s e v e r a l  d i f f e r e n t  s u b s t r a t e s  w e re  r e d u c e d .  T a b le  7 su m m arizes  
th e s e  r e s u l t s .  U n f o r tu n a t e l y ,  t h i s  l i g a n d  a p p e a r s  to  b e  r e a l l y  e f f e c ­
t i v e  o n ly  i n  t h e  r e d u c t i o n  o f  a c e to p h e n o n e  an d  p ro p io p h e n o n e . T y p i­
c a l l y ,  i n c r e a s i n g  t h e  s i z e  o f  t h e  a l k y l  g ro u p  o f  an  a l k y l  p h e n y l  k e to n e  
r e s u l t e d  i n  d e c r e a s e d  a sy m m e tr ic  s y n t h e s i s  ( n o . 4 ) .  A l s o ,  n o t  u n -
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commonly, p i n a c o l  w as p ro d u c e d  i n  low  o p t i c a l  p u r i t y  ( n o .  5) .
The m o st i n t r i g u i n g  r e s u l t s  o b ta in e d  w i th  t h i s  l ig a n d  a r e  t h o s e  
from  t h e  r e d u c t io n  o f  t h e  a c e t y l e n i c  k e to n e s .  As was m e n tio n e d  e a r ­
l i e r ,  t h e  f o rm a t io n  o f  p re d o m in a n t ly  E. c a r b i n o l  i n  n o .  6 i s  in  a g re e m e n t 
w i th  t h e  p r e v i o u s ly  o b s e rv e d  t r e n d  in  t h e  d i r e c t i o n  o f  a sy m m e tr ic  
i n d u c t io n  when a c e t y l e n i c  k e to n e s  a r e  re d u c e d  ( i . e . ,  t h e  a c e t y l e n i c  
bond b e h a v es  a s  i f  i t  w e re  s i m i l a r  s t e r i c a l l y  a n d /o r  e l e c t r o n i c a l l y  t o  
t h e  p h e n y l g ro u p  in  p h e n y l  a l k y l  k e t o n e s ) .  T h e r e f o r e ,  i n  n o .  6 t h e  
a c e t y l e n i c  g ro u p  i s  a c t i n g  a s  i f  i t  w ere  th e  l a r g e r  o f  t h e  two g ro u p s  
a t t a c h e d  t o  t h e  c a r b o n y l .  B u t i n  n o .  7 w here  an n - p e n t y l  g roup  h a s  
been  added  t o  t h e  t e r m i n a l  a c e t y l e n i c  c a rb o n ,  t h e  a lk y n e  f u n c t i o n  h a s  
ta k e n  t h e  p o s i t i o n  o f  t h e  s m a l l e r  g roup  r e s u l t i n g  in  a  p re d o m in a n c e  o f  
S_ a l c o h o l .  I n  n o .  8 ,  S_ a lc o h o l  i s  a l s o  p r e f e r e n t i a l l y  fo rm ed  a l th o u g h  
w ith  t h e  l a r g e  i s o - b u t y l  g roup  o p p o sed  t o  t h e  a lk y n y l  g ro u p . P e rh a p s  
i t  i s  n o t  s o  s u r p r i s i n g  t o  s e e  S_ a l c o h o l  p re d o m in a te  in  t h i s  c a s e .
Che r a t i o n a l i z a t i o n  i s  t h a t  p o s s i b l y  a  m e c h a n i s t i c  ch an g e  h a s  o c c u r r e d .  
W ith  t h e  i n c r e a s e  i n  s t e r i c  b u l k ,  a  b im o le c u la r  r a t h e r  th a n  a  u n im o le -  
c u la r  m ec h a n ism , l i k e  9 0 , may i n t e r v e n e .  C hange t h a t  i s  b ro u g h t  a b o u t  
by i n c r e a s e d  s t e r i c  b u lk  o f  t h e  s u b s t r a t e  may a l s o  e x p la in  t h e  p redom ­
i n a n t  f o rm a t io n  o f  ( S ) - p i n a c o l .
N o. 9 ,  l i k e  n o .  15 o f  T a b le  6 ,  i s  a  r e d u c t io n  in  w h ich  t h e r e  was 
an i n s u f f i c i e n t  am ount o f  h y d r id e  p r e s e n t  d u e  t o  t h e  u s e  o f  t h e  co n v e n ­
t i o n a l ,  b u t  a p p a r e n t ly  u n s u i t a b l e ,  g a s o m e tr ic  p r o c e d u r e  f o r  LAH a n a l y s i s .  
The am ount o f  r e d u c t io n  t h a t  o c c u r r e d  i n  t h e s e  two r e a c t i o n s  was e s s e n ­
t i a l l y  t h e  sam e. The am ount o f  g a s  e v o lv e d  d u r in g  e a c h  s t a g e  o f  t h e  tw o 
r e a c t i o n s  was m ea su red  an d  i t  w as found  t o  be t h e  sam e in  b o th .  The 
e q u a l i t y  o f t h e  m ea su red  v o lu m es and  t h e  i d e n t i c a l  r e d u c t io n  y i e l d s  
w i th  t h e  tw o l i g a n d s ,  88b  and 8 8 d , s u g g e s t  s i m i l a r  u n d e r l y i n g  b e h a v io r .
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Table 7 . R eductions w ith  LAH m o d ified  by 88d . a
, 1) LA H /88d, E t20 ,  -78°C  QH
RcoR '  — ' -  r£hr 1
2) H y d r o ly s is
R e d u c tio n
No. K e to n e
%
R e d u c tio n
P r o d u c t  % e e  
( Conf i g u r a t  io n )
1 PhC0CH3 100 7 6 , 81 (R)
2 PhCOEt 100 77 , 68 (R)
3 (I 59° 34 (R)
4 PhC 0i.-P r 61d 27 (R )e , f
5 _t-BuC0Me 96d 5 ( S ) e ,S
6 C5H11C° C=CH 100h 20 (R)
7 c5h 11 cocecc5h 11 98d 12 (S )e
8 i-BuCOC=CCH3 96d 5 (S )e
9 PhCOEt^ 68k 56 (R)
10 PhCOEt1 93m 63 (R )n
P r o c e d u r e  E was u s e d  u n l e s s  s t a t e d  o t h e r w i s e .  S ee th e  e x p e r im e n ta l  
s e c t i o n  f o r  d e t a i l s .
^The % ee  was c a l c u l a t e d  from  t h e  r e p o r t e d  maximum r o t a t i o n :
F o r a ^ l i t .  o f  PhCH(OH)Me and  PhCH(OH)Et s e e  f o o tn o t e  b i n  T a b le
4 ; PhCH (O H )L -P r, [ a ] ^ 3 4 8 .3 °  (c  6 .7 ,  E t 90 ) 1 0 0 ; .t-BuCH(OH)Me, [c t]3 5 8 .1 0 °  
101
( n e a t )  ; f o r  [ ct]^ o f  C^H^jCH(OH)C=CH s e e  f o o t n o t e  i n  t a b l e  5 ;  CcH^CH-
(0H) CSCCcH.. , [ a ]  2 .9 3 °  ( c  4 . 9 ,  CHC1-) f o r  a  sam p le  o f  62% e e  (R) ;
25 102
i-BuCH(0H)C=CCH3 , [ a ] J  1 3 .5  (c  4 . 9 ,  CHC13 ) f o r  a  sa m p le  o f  93% e e  (R)
c
Gas was e v o lv e d  d u r in g  t h e  w o rk u p .
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F o o tn o te s  fro m  T a b le  7 c o n t i n u e d .
*^ No c o r r e c t i o n  was m ade f o r  t h e  r e l a t i v e  r e s p o n s e  r a t i o  o f  t h e  a l c o h o l  
and t h e  k e to n e .
^ h e  k e to n e  p r e s e n t  i n  t h e  p r o d u c t  w as t r e a t e d  s im p ly  a s  a d d i t i o n a l  
s o l v e n t .
^ A f te r  p r e p .  GC to  rem ove i m p u r i t i e s ,  t h e  p r o d u c t  was s t i l l  28% k e to n e .
^The p r o d u c t  c o n ta in e d  a  s i g n i f i c a n t  am ount o f  e t h e r  b u t  to o  l i t t l e  
m a t e r i a l  was a v a i l a b l e  f o r  f u r t h e r  p u r i f i c a t i o n .  No c o r r e c t i o n  was 
made f o r  t h e  e t h e r  t h a t  was p r e s e n t .
^ D e te rm in e d  v i a  IR .
*The p r o d u c t  c o n ta in e d  t r a c e s  o f  i m p u r i t i e s .
■^Procedure F was u s e d .  The LAH s o l u t i o n  was a n a ly z e d  by  th e  g a s im e t r i c  
m eth o d ; s e e  f o o t n o t e  g i n  T a b le  6 .
^ o  g a s  e v o lu t io n  was o b s e rv e d  d u r in g  t h e  w ork u p .
^"P rocedure F w as u s e d .  The LAH s o l u t i o n  was a n a ly z e d  by  th e  S ta n f o r d  
m e th o d ; s e e  f o o t n o t e  h  i n  T a b le  6 .
mA v e r y  s m a l l  am ount o f  g a s  w as e v o lv e d  d u r in g  t h e  w o rk u p .
nA f t e r  p r e p .  GC to  rem ove i m p u r i t i e s ,  t h e  p r o d u c t  was s t i l l  2% k e to n e .
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The s i g n i f i c a n t  d i f f e r e n c e  i s  t h a t  o n ly  d e c r e a s e d  a sy m m e tr ic  i n d u c t io n  
o c c u r r e d  i n  n o . 9 a s  o p p o sed  to  t h e  r e v e r s a l  t h a t  was o b s e rv e d  w i th  8 8 b , 
in  n o . 1 5 . I t  may b e  t h a t ,  a s  s u g g e s te d  e a r l i e r ,  i n s u f f i c i e n t  LAH 
r e s u l t s  i n  t h e  f o r m a t io n  o f  a  s i g n i f i c a n t  am ount o f  a  t r ia lk o x y a lu m in u m  
h y d r id e  s p e c i e s  w h ic h , when 88d i s  t h e  m o d i f i e r ,  i s  s im p ly  a  l e s s  e f f e c ­
t i v e  a sy m m e tr ic  r e d u c in g  a g e n t  th a n  i s  t h e  d ia lk o x y  s p e c i e s .
I n  n o .  1 0 , w h ich  i s  l i k e  n o .  16 o f  T a b le  6 ,  t h e  LAH s o l u t i o n  
was a n a ly z e d  by t h e  S ta n f o r d  m ethod  to  d e te r m in e  s to i c h io m e t r y  and 
t h e r e  w as a  h ig h e r  r e d u c t i o n  and  t h e  f o r m a t io n  o f  m ore  o f  t h e  R is o m e r .  
T h is  f u r t h e r  s u b s t a n t i a t e s  t h e  a rg u m e n t t h a t  r a t i o  o f  m o d i f i e r  to  
a v a i l a b l e  LAH i n  s o l u t i o n  i s  a  c r u c i a l  f a c t o r .  The low  % r e d u c t io n  
and d e c r e a s e d  o p t i c a l  y i e l d  i n  n o . 3 may b e  e x p la in e d  on t h e  same b a s i s .  
T h e re  was l i t t l e  g a s  e v o l u t i o n ,  h o w e v e r , d u r in g  t h e  w orkup i n  n o .  10 
w h ich  a g a in  b r in g s  up t h e  n a g g in g  q u e s t io n  o f  t h e  " m is s in g "  h y d r id e .
The b e h a v io r  o f  m o d i f i e r s  88b and  88d a p p e a r  t o  d e fy  r e a s o n a b le  
a n a l y s i s .  F o r  e x a m p le , i n  n o s .  1 ,  2 and  3 o f  T a b le  6 ,  m e a su re d  a l i q u o t s  
o f  t h e  sam e m o d i f i e r  and  k e to n e  s o l u t i o n s  w ere  u s e d  i n  t h e  t h r e e  d i f ­
f e r e n t  r e a c t i o n s  and  t h e  e t h e r  f o r  a l l  t h r e e  r e a c t i o n s  came fro m  t h e  sam e 
g r a d u a te d  c y l i n d e r  y e t  w id e ly  d i f f e r e n t  r e s u l t s  w ere  o b t a i n e d ,a p p a r e n t l y  
in d e p e n d e n t  o f  t h e  c o n t r o l l e d  v a r i a b l e s .  A ls o ,  t h e  e le m e n ta l  a n a ly s e s  
o f  t h e  l ig a n d s  a r e  to o  c lo s e  to  th e o r y  f o r  an y  a p p r e c i a b l e  am ount o f 
w a te r  o r  o t h e r  r e a c t i v e  im p u r i ty  to  b e  p r e s e n t .  No g a s  e v o lu t io n  was 
e v e r  o b s e rv e d  when th e  k e to n e  s o l u t i o n  was ad d e d  t o  t h e  r e a c t i o n .  A l l
l ig a n d s  c o u ld  b e  r e c o v e r e d  n e a r l y  q u a n t i t a t i v e l y  w i th o u t  l o s s  o f  o p t i c a l
2
p u r i t y  and  i n  n o . 14 o f  T a b le  6 ,  no H was i n c o r p o r a t e d  i n t o  t h e  r e c o v e r ­
ed l ig a n d  o r  t h e  c a r b i n o l  p r o d u c t .  A l l  o f  t h i s  in f o r m a t io n  s u g g e s t s  
t h a t  t h e  c r i t i c a l  v a r i a b l e  m u st b e  t h e  am ount o f  LAH p r e s e n t  i n  th e  
i n i t i a l  s o l u t i o n ,  o r  t h e  fo rm  o f  t h e  LAH s p e c i e s  p r e s e n t  ( c o n t a c t  io n
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p a i r ,  s o lv e n t  s e p a r a t e d  io n  p a i r ,  a g g r e g a t e ,  e t c ) .  P e rh a p s  t h e  s i t ­
u a t i o n  c o u ld  b e  c l a r i f i e d  by ru n n in g  a  s e r i e s  o f  r e d u c t io n s  u s in g  i n ­
c r e a s in g  am oun ts o f  a  " s t a n d a r d i z e d "  LAH s o l u t i o n .
I n  a n  a t t e m p t  to  d e te r m in e  w h e th e r  a  g ro u p  l a r g e r  th a n  m e th y l  on 
th e  o x i r a n e  u s e d  to  p r e p a r e  t h e  d i o l  w ou ld  r e s u l t  i n  a  m ore e f f e c t i v e  
m o d i f i e r , n - b u ty la m in e  was t r e a t e d  w i th  2 e q u i v a l e n t s  o f  (R) - ( + ) - s t y r e n e  
o x id e .  The i n i t i a l  p r o d u c t  c o n ta in e d  s e v e r a l  i m p u r i t i e s ,  p re su m a b ly  
due a t  l e a s t  i n  p a r t , to  a t t a c k  o f  t h e  am ine  a t  t h e  2° c a rb o n  o f  t h e  
o x id e .  D e s p i te  t h e s e  i m p u r i t i e s ,  t h i s  c ru d e  m a t e r i a l  was t e s t e d  a s  an  
LAH m o d i f i e r .  U sin g  p r o c e d u r e  A, p ro p io p h e n o n e  was re d u c e d  q u a n t i t a ­
t i v e l y  i n  14% e e  to  t h e  S_ c a r b i n o l .  When th e  te m p e r a tu r e  was lo w e re d  
to  -7 8 °C , 42% e e  o f  t h e  R c a r b i n o l  was p ro d u c e d . P u r i f i c a t i o n  o f  th e  
a m in o d io l  m ix tu r e  v i a  colum n c h ro m a to g ra p h y  rem oved a l l  b u t  one  m a jo r  
im p u r i ty .  R e d u c tio n  o f  p ro p io p h e n o n e  a t  -7 8 °  ( p ro c e d u re  E) u s in g  
c h ro m a to g ra p h ed  m a t e r i a l ,  r e s u l t e d  i n  88% r e d u c t io n  to  t h e  S_ c a r b i n o l  
in  10% e e .  The p r e s e n c e  o f  t h e  unknown im p u r i ty  i n  t h e  m o d i f i e r  r e n d e r s  
any d i s c u s s i o n  o f  t h e s e  r e s u l t s  h i g h ly  s p e c u l a t i v e .  F o r t h i s  r e a s o n ,  
and a l s o  b e c a u s e  ev en  t h e  b e s t  r e s u l t  o b ta in e d  w i th  t h i s  s y s te m  was n o t  
p a r t i c u l a r l y  i m p r e s s iv e ,  no f u r t h e r  w ork was do n e  w i th  i t .
F o r  c o m p a riso n  w i th  t h e  m o d if ie d  b o r a t e  h y d r id e  r e s u l t s  d e s c r ib e d  
e a r l i e r ,  (S_,S_,S)-TIPA was t e s t e d  a s  a n  LAH m o d i f i e r  i n  t h e  r e d u c t io n  
o f  p ro p io p h e n o n e . To i n s u r e  t h a t  a  s u b s t a n t i a l  am ount o f  r e d u c t io n  
w ould o c c u r ,  a  tw o f o ld  e x c e s s  o f  h y d r id e  r e a g e n t  was u s e d .  P ro c e d u re  
E was f o l lo w e d .  T h e re  w as 90% r e d u c t io n  and  v e r y  l i t t l e  a sy m m e tr ic  
i n d u c t io n  (7% e e  o f  t h e  R iso m e r)  . U n l ik e  t h e  r e a g e n t s  fo rm ed  from  
th e  a m in o d io l s , t h i s  a m i n o t r i o l  p ro d u c e d  an  i n s o l u b l e  r e a g e n t .
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C o n c lu d in g  Rem arks
The w ork  p r e s e n t e d  h e r e  l e a v e s  some u n r e s o lv e d  p ro b le m s  i n  b o th  
t h e  m o d if ie d  b o r o h y d r id e  and  t h e  m o d if ie d  l i t h i u m  alum inum  h y d r id e  
i n v e s t i g a t i o n s .  A f o u n d a t io n  h a s  b e e n  e s t a b l i s h e d ,  h o w e v e r , upon  w h ic h  
f u t u r e  s t u d i e s  ca n  b e  done w i th  a  r e a s o n a b le  e x p e c t a t i o n  o f  s u c c e s s .
The c h i r a l  and  a c h i r a l  TIPAB h y d r id e  s t u d i e s  in t r o d u c e d  a  new c h i r a l  
t r i o l ,  b o r a t e  and two new r e d u c in g  a g e n t s ,  t h e  k i n e t i c s  and  s t e r e o ­
s e l e c t i v i t i e s  o f w h ic h  a r e ,  a t  l e a s t ,  o f  a c ad e m ic  . i n t e r e s t . M o d i f i c a t io n  
o f  t h e  sym m etry  o f  (S_,S_,S)-TIPAB may be a c c o m p lis h e d  i n  a  v a r i e t y  o f 
ways t h a t  c o u ld  p o t e n t i a l l y  r e s u l t  in  a  m ore e f f e c t i v e  a sy m m e tr ic  r e ­
d u c in g  a g e n t .  Some t h e s e  m o d i f i c a t i o n s  w ere  d i s c u s s e d  e a r l i e r .  An 
a p p ro a c h  w h ic h  was n o t  d i s c u s s e d  i s  th e  p r e p a r a t i o n  o f  b o r o n ic  a c id  
e s t e r s ,  i n  p a r t i c u l a r  b e n z e n e  b o r o n a t e s ,  PhBCORj^j from  t h e  a m in o .d io ls  
and s u b s e q u e n t  r e a c t i o n  w i th  KH i n  THF to  p ro d u c e  c h i r a l  b e n z e n e  
b o r o n a te  h y d r i d e s ,  a  ty p e  o f  h y d r id e  t h a t  h a s  n o t  y e t  b een  i n v e s t i ­
g a te d .
I n  t h e  c o u r s e  o f  t h e  i n v e s t i g a t i o n  o f  TIPABH, i t  was d i s c o v e r e d  
t h a t  TIPAB and  2 - o c t a n o l  b o r a t e  c a t a l y z e  t h e  r e d u c t io n  o f  p h e n y l  _t_- 
b u t y l  k e to n e  by KH i n  THF. A lth o u g h  t h i s  may be o f  l i t t l e  s y n t h e t i c  
v a lu e ,  i t  c e r t a i n l y  h a s  m e c h a n is t ic  i m p l i c a t i o n s  w h ich  d e s e r v e  f u r t h e r  
i n v e s t i g a t i o n .  T h is  o b s e r v a t io n  d o e s ,  o f  c o u r s e ,  a l s o  i n t r o d u c e  th e  
phenom enon o f  c a t a l y t i c  h y d r id e  r e d u c t io n s  u s in g  a  h y d r id e  s o u rc e  su c h  
a s  KH.
A lth o u g h  th e  l i s t  o f  i d e a s  t h a t  ca n  b e  g e n e r a te d  i n  c o n n e c t io n  
w ith  TIPA and  TIPAB i s  e x t e n s i v e ,  o n ly  one m ore p o t e n t i a l  d i r e c t i o n  f o r  
f u t u r e  s tu d y  w i l l  be  m e n t io n e d . TIPA i s  s o lu b l e  i n  b o th  o r g a n ic  and
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a q u e o u s  s y s te m s .  As s u c h ,  (S_,S^,S)-TIPA o r  d e r i v a t i v e s  o f  i t  c o u ld
p ro v e  to  b e  a n  e f f e c t i v e  c h i r a l  p h a s e ' t r a n s f e r  c a t a l y s t .
The m a jo r  p ro b le m  t h a t  r e m a in s  i n  t h e  a m in o d io l - m o d if ie d  LAH
sy s te m  i s  t h e  a p p a r e n t l y  i n e x p l i c a b l e  b e h a v io r  o f  l ig a n d s  88b and 8 8 d .
P e rh a p s  t h i s  s i t u a t i o n  c a n  b e  c l a r i f i e d  by f u r t h e r  e x p e r im e n ta t i o n .
I t  may b e  t h a t  c o n s i s t e n t  h ig h  a sy m m e tr ic  i n d u c t io n  w i l l  b e  a c h ie v e d
v i a  a  s y s te m a t ic  v a r i a t i o n  o f  t h e  am ount o f  LAH u s e d .  A t p r e s e n t  t h i s
w ork p r e s e n t s  a  new s e r i e s  o f  c h i r a l  a m in o d io ls  w h ic h  a p p e a r  to  be
e f f e c t i v e  m o d i f i e r s  f o r  LAH. U n f o r tu n a t e l y ,  t h e  e x t e n t  o f  a sy m m e tr ic
in d u c t io n  o b s e rv e d  i n  t h e  r e d u c t io n  o f  a c e t y l e n i c  k e to n e s  was lo w .
T h is  a p p e a r s  to  p r e s e n t  t h e  g r e a t e s t  c h a l l e n g e  i n  f u t u r e  w ork  w i th
t h i s  s y s te m . I t  i s  c l e a r  t h a t ,  i n  c o n t r a s t  to  o b s e r v a t io n s
56 69 70o f  p r e v io u s  s t u d i e s  ’ * t h e  a c e t y l e n i c  g ro u p  d o e s  n o t  n e c e s s a r i l y
b eh a v e  a s  i f  i t  w e re  s i m i l a r  to  a  p h e n y l  r i n g  i n  su c h  m o d if ie d  LAH 
r e d u c t i o n s .  P o s s ib l y  m o d i f i c a t i o n  o f  LAH by t h e s e  a m in o d io ls  r e s u l t s  
i n  a  com plex  to  r i g i d  and  s t e r i c a l l y  h in d e r e d  t o  a d o p t  a  c o n fo rm a t io n  
t h a t  w ould  i n t e r a c t  i n  a  s t e r i c a l l y  f a v o r a b le  m anner w i th  t h e  a c e t y l ­
e n ic  s u b s t r a t e s  to  a f f o r d  a  h ig h  d e g r e e  o f  a sy m m e tr ic  i n d u c t i o n .
The d e s ig n  o f  a d d i t i o n a l  a m in o d io l  l ig a n d s  w i l l  h a v e  to  c o n s id e r  t h i s  
p o s s i b i l i t y .  I f  t h i s  i s  t r u e ,  s im p ly  i n c r e a s i n g  t h e  b u lk  o f  t h e  l ig a n d  
w i l l  n o t  n e c e s s a r i l y  r e s u l t  i n  a  m ore e f f e c t i v e  m o d i f i e r .  H ow ever, by 
ch a n g in g  t h e  s i z e  o f  t h e  c h e l a t e  r i n g  ( i . e . ,  by  p u t t i n g  t h e  am ine  and 
a lc o h o l  f u n c t i o n a l i t i e s  i n  a  1 , 3 -  i n s t e a d  o f  a  1 , 2 - p o s i t i o n )  a n d /o r  
by c a r e f u l  m o d i f i c a t i o n  o f  t h e  g ro u p s  on  t h e  n o n - c a r b in o l  and  t h e  c a r b i n o l  
arm s o f  t h e  m o d i f i e r ,  a  s y s te m a t ic  s tu d y  o f  t h e  s t r u c t u r a l  f e a t u r e s  
o f  t h i s  sy s te m  c a n  b e  a c c o m p lis h e d . By e x te n d in g  t h e  p r e s e n t  s tu d y  
in  t h i s  m anner i t  i s  n o t  u n r e a s o n a b le  to  e x p e c t  t h a t  a  h ig h ly  e f f i c i e n t  
m o d if ie r  f o r  a c e t y l e n i c  s u b s t r a t e s  w i l l  b e  f o u n d .
I I I .  EXPERIMENTAL
G e n e ra l
M e lt in g  P o i n t s  (mp)
A l l  m e l t in g  p o i n t s  w ere  o b ta in e d  u s in g  a  Thom as-H oover m e l t in g  
p o i n t  a p p a r a tu s  and  a r e  u n c o r r e c t e d .
I n f r a r e d  S p e c t r a  (IR )
IR  s p e c t r a  w e re  r e c o r d e d  on a  P e r k in  E lm er 283 B i n f r a r e d  
s p e c t r o p h o to m e te r .
N u c le a r  M a g n e tic  R e so n a n c e  S p e c t r a  (NMR)
NMR s p e c t r a  w e re  o b ta in e d  on a  V a r ia n  EM 360A NMR s p e c t r o m e te r .  
C h em ica l s h i f t s  a r e  r e p o r t e d  r e l a t i v e  to  t e t r a m e t h y l s i l a n e .  S p l i t ­
t i n g  p a t t e r n s  a r e  d e s ig n a t e d  a s :  s ,  s i n g l e t ;  d ,  d o u b l e t ;  t ,  t r i p l e t ;
q , q u a r t e t ;  n ,  n  p e a k s  w h e re  n  i s  any  i n t e g e r  g r e a t e r  th a n  4 .
13 13C N u c le a r  M a g n e tic  R e so n a n c e  S p e c t r a  ( C NMR)
13 C NMR s p e c t r a  w e re  o b ta in e d  on a  J e o l  FX 90Q FT NMR s p e c t r o m e te r  
o p e r a te d  by  M s. K. G a l l a g h e r .  C h em ica l s h i f t s  a r e  r e p o r t e d  r e l a t i v e  to  
t e t r a m e t h y l s i l a n e .  The s i g n a l  t o  n o i s e  r a t i o  (S /N ) i s  g r e a t e r  th a n  
1 0 0 /1  u n l e s s  o th e r w i s e  s t a t e d .  S p l i t t i n g  p a t t e r n s  i n  t h e  o f f  r e s o n a n c e  
d e c o u p le d  s p e c t r a  a r e  d e s ig n a t e d  i n  t h e  sam e m anner a s  i n  t h e  "hi NMR 
s p e c t r a .
O p t ic a l  R o ta t i o n s
O p t i c a l  r o t a t i o n s  w e re  d e te rm in e d  on a  C a r l  Z e i s s  P h o t o e l e c t r i c  
P r e c i s i o n  P o l a r i m e t e r .
E le m e n ta l  A n a ly s e s  (CHN)
E le m e n ta l  a n a ly s e s  w e re  p e rfo rm e d  on a  P e r k in  E lm er 240 B E le m e n ta l
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A n a ly z e r  by M s. D. C a r d in .
Mass S p e c t r a
M ass s p e c t r a  w ere  o b ta in e d  on a  H i t a c h i  P e r k in -E lm e r  RMU-6E m ass 
s p e c t r o m e te r  o p e r a te d  by M r. W. D o tc h in .
Gas C hrom atog raphy  A n a ly s e s  (GC)
GC w ere  p e rfo rm e d  on a  V a r ia n  A e ro g ra p h  M odel 90-P  g a s  c h ro m a to ­
g ra p h  c o u p le d  to  a  S a rg e n t-W e lc h  M odel SRG r e c o r d e r  e q u ip p e d  w i th  a D isc  
i n t e g r a t o r .  A 5% Z o n y l E-7 on ch ro m o so rb  G (8 0 /1 0 0  m esh) colum n (1 1  f t .  
x 1 /4  i n . )  was u s e d  i n  a l l  a n a l y t i c a l  and p r e p a r a t i v e  GC. H elium  was 
u se d  a s  t h e  c a r r i e r  g a s  a t  a  f lo w  r a t e  o f  50 m l/m in . and t h e  colum n 
te m p e ra tu re  was 130°C u n l e s s  o th e r w is e  s t a t e d .
T h in  L a y e r C h ro m ato g rap h y  (TLC)
TLC f o r  a l l  c a rb in o la m in e s  was p e rfo rm e d  on b a s i c  a lu m in a  p l a t e s  
i n  5% E tO H /C ^ C ^  u n l e s s  o th e r w is e  s t a t e d .
Compounds
A l l  compounds p u rc h a s e d  from  co m m e rc ia l s o u r c e s  w ere  u s e d  a s  
r e c e iv e d  u n l e s s  o th e r w is e  n o te d .
Dry S o lv e n ts
Dry e t h e r  and THF w ere  o b ta in e d  by d i s t i l l a t i o n  fro m  b en zo p h en o n e  
k e ty l  u n d e r  n i t r o g e n  and  w ere  u s e d  im m e d ia te ly .
H y d rid e  R e d u c tio n s
A l l  g la s s w a r e  was o v e n - d r i e d  o r  f la m e d  and  c o o le d  u n d e r  n i t r o g e n .  
A l l  t r a n s f e r s  i n  a sy m m e tr ic  r e d u c t io n s  w ere  done u n d e r  n i t r o g e n  v i a  
s t a i n l e s s  s t e e l  n e e d le  o r  s y r i n g e .  S o l id  LAH was w e ig h ed  o u t  u n d e r  
n i t r o g e n  i n  a  g lo v e  b a g . K H /n u jo l was n o t  h a n d le d  u n d e r  n i t r o g e n  
e x c e p t to  i n i t i a l l y  b r e a k  up th e  m ass o f  s e t t l e d  KH.
A n a ly s is  o f  B u ty l  L ith iu m  S o l u t i o n s ’*-^
A l l  g la s s w a r e  was oven  d r i e d  and i i - b u ty l  l i t h iu m  t r a n s f e r s  w ere
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done u n d e r  n i t r o g e n .
A few  c r y s t a l s  o f  1 ,1 0 - p h e n a n th r o l in e  w ere  p la c e d  in  a  ro und  
b o tto m  f l a s k  w h ich  was th e n  e q u ip p e d  w i th  a  m a g n e tic  s t i r r i n g  b a r  and 
a r u b b e r  s e p tu m  c a p .  A f t e r  f l u s h i n g  th e  f l a s k  w i th  n i t r o g e n ,  1.00-^- 
0 .0 1  m l a l i q u o t s  o f  th e  b u t y l  l i t h i u m  s o l u t i o n  w ere  s u c c e s s iv e l y  added  
and t i t r a t e d  w i th  a  0 .9 9 9  M s o l u t i o n  o f  s_ -b u ta n o l ( d i s t i l l e d  from  C a ^ )  
in  m -x y len e  ( d i s t i l l e d  fro m  CaH^) u n d e r  n i t r o g e n .
G a so m etrie  A n a ly s is  o f  L ith iu m  Aluminum H y d rid e  S o lu t io n s
A 1 .0 0  + .0 1  mL a l i q u o t  o f  th e  e t h e r e a l  LAE s o l u t i o n  was i n j e c t e d  
i n t o  a  s e a l e d  f l a s k  c o n ta i n in g  2N I^SO ^/TH F ( 1 :1 )  and  c o n n e c te d  to  a  
gas b u r e t  th ro u g h  d ry  i c e / a c e t o n e  t r a p . The b u r e t  was r e a d  and  th e  
volume o f  e v o lv e d  gas was d e te rm in e d  a f t e r  a l l  gas e v o lu t io n  h a d  c e a s e d  
and th e  volum e o f  gas i n  t h e  s y s te m  a p p e a re d  t o  h a v e  s t a b i l i z e d  ( u s u a l l y  
a f t e r  1 -2  m in ) . T h is  was r e p e a te d  u n t i l  5 o r  6 c o n s e c u t iv e  c o n s i s t a n t  
volum es w ere  o b t a i n e d .  To o b t a i n  th e  m o la r i ty  o f  th e  h y d r id e  s o l u t i o n  
th e  a v e ra g e  o f  t h e s e  v o lu m es was d iv id e d  by f o u r  t im e s  th e  c a l c u l a t e d  
volume o f  1 mmol o f  g a s .
103A n a ly s is  o f  L i th iu m  Aluminum H y d r id e  S o lu t io n s  by th e  S ta n f o r d  M ethod 
A ce to p h en o n e  ( 0 .7 0 5 6  g , 5 .8 8  mmol) and b ip h e n y l  (0 .2 0 6 0  g) w ere  
p la c e d  i n  an oven d r i e d ,  25 mL s in g l e - n e c k  ro u n d  b o tto m  f l a s k  e q u ip p e d  
w ith  a  m a g n e tic  s t i r r i n g  b a r .  The f l a s k  was s e a l e d  w i t h  a  se p tu m  cap 
th en  f lu s h e d  w i th  n i t r o g e n .  D ry e t h e r  (3  mL) was a d d ed  and th e  r e s u l t i n g  
s o lu t io n  was c o o le d  i n  an  i c e  b a t h .  A 1 .0 0  +  .0 1  mL a l i q u o t  o f  th e  e t h e r e a l  
LAH s o l u t i o n  was add ed  an d  th e  r e a c t i o n  was th e n  s t i r r e d  a t  2 5 -3 5 °C  f o r  2 h .
^ 0  (1  m L), s a t u r a t e d  NH^Cl s o l u t i o n  (4  Ml) , and  c o n c e n t r a t e d  HC1 ( 0 .5  mL) w ere  
added and t h e  m ix tu re  w as s t i r r e d  v ig o r o u s ly  f o r  a  few m in u te s  . The
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two l a y e r s  w ere  a l lo w e d  t o  s e p a r a t e  o v e r n i g h t .  The u p p e r  o r g a n ic  
l a y e r  was a n a ly z e d  by GC f o r  a l c o h o l  and  k e to n e  c o n t e n t . The m o la r i t y  
o f  t h e  h y d r id e  s o l u t i o n  was c a l c u l a t e d  by s u b t r a c t i n g  t h e  am ount (mmol) 
o f  u n r e a c te d  k e to n e  fro m  5 .8 8  th e n  d i v id i n g  by 4 .
P e r c e n t  E n a n t io m e r ic  E x c e ss  (% e e )
The % e e  o f  a  p r o d u c t  was d e te rm in e d  by  d i v i d i n g  th e  o b s e rv e d  
r o t a t i o n  b y  t h e  l i t e r a t u r e  v a lu e  r e p o r t e d  f o r  o p t i c a l l y  p u r e  m a t e r i a l  
th e n  m u l t ip ly in g  by  1 0 0 . I n  c a s e s  w h ere  p ro p io p h e n o n e  was in c o m p le te ly  
r e d u c e d , th e  maximum r o t a t i o n  f o r  th e  c a r b i n o l  c o n ta i n in g  a  known 
am ount o f  k e to n e ( d e te r m in e d  v i a  GC a s  d e s c r i b e d  p r e v io u s ly )  was 
d e te rm in e d  u s in g  th e  p l o t  shown in  f i g u r e  1 2 .
S y n t h e t i c
E th y le n e  O xide
N a H /n u jo l (50% s u s p e n s io n ,  2 6 .4  g ,  c a .  0 .5 5  m ol o f  KH) was p la c e d  
in  a  round  b o tto m  f l a s k  e q u ip p e d  w i th  an a d d i t i o n  f u n n e l ,  m e c h a n ic a l  
s t i r r e r  and a  s h o r t  p a th  d i s t i l l a t i o n  h e a d  v e n te d  th ro u g h  a  d ry  i c e /  
a c e to n e  c o n d e n s e r .  B is (2 - m e th o x y e th y l )  e t h e r  (100  mL) , d i s t i l l e d  
from  C a ^  and  s t o r e d  o v e r  N a , was added  q u ic k ly  u n d e r  n i t r o g e n .  A 
s i g n i f i c a n t  am ount o f  g as  was e v o lv e d .  2 - C h lo r o e th a n o l  ( 3 3 .5  mL,
4 0 .25  g , 0 .5  mol) was ad d e d  d ro p w ise  to  th e  s t i r r e d  s l u r r y  o f  NaH/ 
d ig ly m e  u n d e r  n i t r o g e n .  A f t e r  a  s m a l l  am ount o f  th e  c h lo r o h y d r in  h ad  
been a d d e d , t h e  r e a c t i o n  m ix tu re  becam e q u i t e  warm and th e  p r o d u c t  
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F ig u r e  1 2 . The a p p a r e n t  maximum r o t a t i o n  o f  PhCH(0H)Et
i n  a  m ix tu r e  o f  PhCH(0H)Et a n d  PhCOEt c a l c u l a t e d  
by a ssu m in g  t h a t  t h e  k e to n e  i s  a n  i n e r t  
d i l u e n t .
*A sam p le  o f  o p t i c a l l y  a c t i v e  e th y l p h e n y lc a r b i n o l  (36% e e  
o f  t h e  It iso m e r)  was o b ta in e d  by a n  a sy m m e tr ic  r e d u c t i o n .  
W eighed am oun ts  o f  a l c o h o l  and  k e to n e  w e re  u s e d  t o  m ake 
s o l u t i o n s  o f  known c o n c e n t r a t i o n .  The r o t a t i o n  o f  t h e  
s o l u t i o n s  was m e a su re d  and  t h e  s p e c i f i c  r o t a t i o n  was 
m u l t i p l i e d  by 2 .7 7  to  g iv e  t h e  p l o t t e d  v a l u e s .
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p ro d u c e d . The r a t e  o f  d i s t i l l a t i o n  was e a s i l y  c o n t r o l l e d  by t h e  r a t e
o f c h lo r o h y d r in  a d d i t i o n .  Any o f  t h e  p r o d u c t  t h a t  d id  n o t  c o n d e n se  i n
th e  s t i l l h e a d  c o n d e n s e r  was c o n d e n se d  on th e  d ry  i c e / a c e t o n e  c o n d e n s e r .
The h e a d  t e m p e r a tu r e  r o s e  a s  h ig h  a s  55°C ( l i t . ^ ^ b p  1 3 -14°C ) . W ith in
15 m in u te s  a l l  o f  t h e  c h lo r o h y d r in  had  b e e n  add ed  and th e  r e a c t i o n  had
ended y i e l d i n g  1 9 .5 4  g (89%) o f  t h e  o x id e :  NMR (CDCl^) 6 2 .7 0  ( s  , CH2) ,
3 .3 3  and 3 .6 0  ( s m a l l  s ,  i m p u r i t i e s  -  p r o b a b ly  ^ O )  .
89E th y l  ( S ) - 2 - ( T e t r a h y d r o - 2 - p y r a n o x y ) p r o p a n o a te  ( 67)
D ih y d ro p y ra n  (456  mL, 420 g ,  5 .0 1  m ol) i n  d ry  e t h e r  (600  mL) was 
added to  e t h y l  ( S ) - ( + ) - l a c t a t e  (342  mL, 354 g ,  3 m ol) i n  a  w a te r  b a th  
c o o le d  ro u n d  b o tto m  f l a s k .  T o lu e n e s u l f o n ic  a c id  (300  mg) was add ed  
and th e  r e a c t i o n  m ix tu r e  was s t i r r e d  f o r  10 h u n d e r  n i t r o g e n .  Sodium  
c a rb o n a te  (30  g ,  282 mmol) was added  and s t i r r i n g  was c o n t in u e d  f o r  
4 .5  h .  The s o l i d  m a t e r i a l  was s e p a r a te d  v i a  f i l t r a t i o n  an d  w ashed  w i th  
a s m a l l  am ount o f  e t h e r .  The f i l t r a t e  was c o n c e n t r a t e d  (R o ta v a p o r )  th e n  
d i s t i l l e d  th ro u g h  a  10" V ig re u x  colum n to  a f f o r d  5 9 1 .2  g (98%) o f  th e  
THP p r o t e c t e d  e s t e r :  bp 83°C ( 0 .7 5  mm)-66°C ( 0 .2 2  mm), m o s t ly  68 -70°C
Q Q  n
(0 .3 2  mm), [ l i t .  bp 6 5 -6 9  C ( 0 .2 5  m m )]; NMR (CDC13 6 1 .1 8 - 2 .0  (m , 12H 
CH2 and  CH3 ) , 3 .2 9 - 4 .0  (m , 2H, CH20 ) , 4 .0 - 4 .6 2  ( 9 ,  3H , CH an d  C H ^ C )  ,
4 .7 2  (B road  s ,  1H, CH02) .
89( S ) - 2 - ( T e t r a h y d r o - 2 - p y r a n o x y ) - 1 - p r o p a n o l  ( 68)
A s o l u t i o n  o f  e t h y l (£5) - 2 - ( t e t r a h y d r o - 2 - p y r a n o x y )  p r o p a n o a te  (190  g ,  
0 .9 5  m ol) i n  d ry  e t h e r  (2 5 0  mL) was add ed  d ro p w is e  o v e r  3 h ,  u n d e r  
n i t r o g e n  to  a  s t i r r e d ,  i c e - w a te r  c o o le d  s l u r r y  o f  LAH ( 2 0 .9  g ,  0 .5 5  m ol) 
in  a n h y d ro u s  e t h e r  (750  m L ). The r e a c t i o n  m ix tu r e  was th e n  r e f l u x e d  
o v e r n ig h t  (16  h ) . The i c e - w a t e r  c o o le d  m ix tu r e  was h y d r o ly z e d  by t h e  
s e q u e n t i a l  a d d i t i o n  o f H20 (2 1  m L ), 15% NaOH (2 1  mL) th e n  H20 (63 mL) .
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The s o l i d  m a t e r i a l  w as s e p a r a t e d  v i a  s u c t i o n  f i l t r a t i o n  th e n  w ashed  w i th  
e t h e r .  The com bined  f i l t r a t e  and  w a sh in g s  w ere  d r i e d  (Na2SO^) and  e v a p ­
o r a t e d  (R o ta v a p o r )  t o  g iv e  1 3 4 .3  g o f  a  s l i g h t l y  y e l lo w  l i q u i d . T h is  
was d i s t i l l e d  th ro u g h  a  s h o r t  p a th  d i s t i l l a t i o n  a p p a r a tu s  to  y i e l d
1 0 5 .5 6  g (70%) o f  p r o d u c t :  bp 90-95°C  ( 2 .5 0  mm) (m o s t ly  90 -92°C ) [ l i t . ^
0  0  «
bp 63-72°C  (1  mm); 9 .3 5  ( n e a t ) ;  NMR (CDC13 ) 6 1 .1 4  and  1 .2 3  ( 2 d ,
3H, CH3 ) ,  1 .3 3 - 2 .0 6  (b ro a d  s ,  6H, CH2) , 2 .8 6 - 4 .2 3  (m , 6H, CH20 ,  CH0 
and  OH), 4 . 5 - 4 .9  (b ro a d  d ,  1H, CH02) .
89( S ) - l - ( p - T o lu e n e s u l f o n o x y ) - 2 - ( t e t r a h y d r o - 2 - p y r a n o x y ) p r o p a n e  ( 69)
T o lu e n e s u l f o n y l  c h l o r i d e  (136  g ,  0 .7 1 2  m o l) was ad d e d  i n  p o r t i o n s  
o v e r  45 m in  to  an  i c e - w a t e r  c o o le d ,  s t i r r e d  s o l u t i o n  o f  ( S ) - 2 - ( t e t r a h y -  
d r o - 2 - p y r a n o x y ) - l - p r o p a n o l  (1 0 3 .5  g ,  0 .6 5 1  m ol) i n  d ry  p y r i d i n e  (160  m L ). 
The f o r m a t io n  o f  p y r i d i n e  h y d r o c h lo r id e  was e v id e n t  w i t h in  15 m in u te s  
a f t e r  t h e  a d d i t i o n  o f  t h e  f i r s t  p o r t i o n .  The m ix tu r e  was a llo w e d  t o  s ta n d  
in  t h e  r e f r i g e r a t o r  f o r  a p p ro x im a te ly  31 h .  The p r e c i p i t a t e d  p y r i d i n e  
h y d r o c h lo r id e  was f i l t e r e d  o f f  and  r i n s e d  w i th  b e n z e n e  (160  mL) i n  3 
p o r t i o n s .  The com bined  f i l t r a t e  and  w a sh in g s  w ere  c o n c e n t r a t e d  
( R o ta v a p o r ,  a t  5 0 ° C ) , t h e  r e s i d u e  was ad d ed  t o  400 mL o f  i c e /H 20 and  t h e  
l a y e r s  w e re  s e p a r a t e d .  The o r g a n ic  l a y e r  was w ashed  t h r e e  t im e s  w i th  3N 
HC1 (200 m L ), two t im e s  w i th  H20 (200  mL) th e n  d r i e d  (Na2S 0 ^ ) . E v a p o r­
a t i o n  o f  t h e  f i l t r a t e  ( R o ta v a p o r ,  a t  60°C) a f f o r d e d  181 g (95%) o f  t h e  
t o s y l a t e :  NMR (CDC13 ) 6 1 .1 8  (b ro a d  m, 3H, CH3 ) , 2 .5 5  (b ro a d  s ,  6H,
CH2 o f  t h e  THP m o i e t y ) ,  2 .4 3  ( s ,  3H, CH3 - P h ) , 3 .1 8 - 4 .3 6  (b ro a d  m , 5H,
CH20 and  CHO), 4 .6 5  I s ,  1H, CH02) , 7 .1 6 - 8 .0 6  ( 2 d ,  4H, P h ) .
89( S ) - l - ( p - T o lu e n e s u l f o n o x y ) - 2 - p r o p a n o l  ( 70)
( S ) - l - ( p - T o lu e n e s u l f o n o x y ) - 2 - ( t e t r a h y d r o - 2 - p y r a n o x y )  p ro p a n e  (117 g ,  
0 .4  m o l ) , Dowex 50W-X8 ( 4 g ,  20 meq H+ ) and m e th a n o l  (250  mL w ere
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com bined i n  a n  E r le n m e y e r  f l a s k  and s t i r r e d  f o r  24 h .  The Dowex-50 
was s e p a r a te d  v i a  f i l t r a t i o n  and  t h e  f i l t r a t e  was e v a p o ra te d  (R o ta v a p o r ,  
a t  60°C) to  g iv e  9 4 .4 0  g o f  m a t e r i a l  t h a t  was shown to  be  o n ly  68% 
d e p r o t e c t e d  v i a  NMR ( u s in g  t h e  i n t e g r a t i o n  o f  t h e  THP CH3 p e a k  a t  6 
1 .5 5  and th e  CH  ^ p e a k  a t  6 1 . 1 3 ) .  The c ru d e  p r o d u c t  was com bined  a g a in  
w ith  m e th a n o l (250  mL) and Dowex-50 (4  g) and s t i r r e d  an  a d d i t i o n a l  
24 h .  The io n  e x c h an g e  r e s i n  and s o lv e n t  w ere  rem oved a s  a b o v e  to  a f f o r d
8 4 .3  g (101%) o f  p r o d u c t  w h ich  was c a l c u l a t e d  to  b e  99% d e p r o t e c t e d  by 
y i e l d  and 90% d e p r o t e c t e d  v i a  NMR a s  a b o v e : NMR (CDCl^) S 1 .1 3  ( d ,  3H,
CH3 ) , 2 .4 3  ( s ,  3H, CH3 -P h ) , 2 .8 3  ( s ,  1H, OH), 3 .5 8 - 4 .2 9  (m, 3H , CH and  
CH3) , 7 .1 6 - 7 .9 8  ( 2 d ,  4H, Ph) a l s o  s m a l l  p e a k s  a t  6 1 .5 5  ( s ,  CH^ o f  TH P),
3 .4 0  (d ) and  4 .6 7  ( s ,  CHO2  o f  TH P); l i t . ^ m p  3 5 -3 6 °C .
89(S) - 2 -M e th y lo x i r a n e (7 1 )  -M ethod A
( S ) - l - ( p - T o lu e n e s u l f o n o x y ) - 2 - p r o p a n o l  (7 5 .5 9  g ,  0 .3 6 1  m ol) was 
p la c e d  i n  a  500 mL, 3 - n e c k ,  ro u n d  b o tto m  f l a s k  e q u ip p e d  w i th  a  m a g n e tic  
s t i r r i n g  b a r  and  a  one  p i e c e  d i s t i l l a t i o n  head  (c o n d e n s e r  w a te r  a t  
3 -17°C ) l e a d in g  to  a  d ry  i c e / a c e t o n e  c o o le d  r e c e i v e r .  KOH (1 1 2 .7  g ,
2 .0 1  m ol) and ^ 0  (42  mL) w ere  added  and  th e  f l a s k  was s to p p e r e d .  The 
r e a c t i o n  m ix tu r e  tu r n e d  to  a  s p o n g e - l ik e  brow n m ass and  t h e  o x id e  beg an  
to  come o v e r  a lm o s t  I m m e d ia te ly .  When th e  e v o lu t io n  o f  o x id e  had  
c e a s e d ,  H^O (50  mL) was a d d e d , t h e  r e s u l t i n g  s l u r r y  was h e a te d  and  th e  
d i s t i l l a t e  was c o l l e c t e d  u n t i l  t h e  h e a d  te m p e r a tu r e  had  r e a c h e d  95°C .
The c ru d e  p r o d u c t  (1 5 .4 7  g) was d i s t i l l e d  o v e r  KOH th ro u g h  a  3 "  V ig re u x  
colum n to  g iv e  1 2 .8 9  g (62%) of ( S ) - P r o p y le n e  o x id e :  bp 34 -36°C  [ l i t . ^ ^  
bp 34--35°C] ; [ a ] ^ - 1 3 . 3 7 °  ( n e a t )  [ l i t  ^  [ a ] ^ - l 4 . 6 5 °  ( n e a t ) ]  NMR 
(CDC13) 6 1 .3 2  ( d ,  1H, CH3 ) , 2 .4 3  ( q ,  1H) and 2 .8 0  ( t ,  1H) d i a s t e r e o -  
t o p ic  ^ H 's ,  2 .9 5  (m, 1H, CHO) ; GC 1 p e a k , r e t .  t im e  3 .8  m in  (5 0 °C ,
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75 mL/min).
( S ) - ( + ) -P ro p y le n e  G ly c o l  (7 2 )*
LAH (95% ,66 g ,  1 .6 5  m o l ) ,  w e ig h ed  o u t u n d e r  n i t r o g e n ,  was add ed  
i n  p o r t i o n s  to  s t i r r e d ,  c o ld  ( 0 - 5 ° C ) , d ry  e t h e r  ( 1 .8  L) u n d e r  n i t r o g e n .  
A n o th e r  100 mL o f  e t h e r  was added  to  w ash down t h e  LAH t h a t  h ad  s tu c k  
to  t h e  w a l l  o f  t h e  f l a s k .  A s o l u t i o n  o f  ( S ) - e t h y l  l a c t a t e  (236  g ,
2 m ol) i n  d ry  e t h e r  (400  mL) was add ed  d ro p w ise  o v e r  5 h  to  t h e  i c e -  
w a te r  c o o le d  s l u r r y  o f  LAH i n  e t h e r .  The m ix tu r e  was th e n  s t i r r e d  
a p p ro x im a te ly  21 h .  The r e a c t i o n  m ix tu re  was c o o le d  w i th  a n  i c e - w a te r  
b a th  th e n  a c e to n e  (60 mL) was added  d ro p w ise  o v e r  1 .2 5  h .  A f t e r  s t i r ­
r in g  f o r  a n  a d d i t i o n a l  0 .5  h  ^ 0  (66 mL) was add ed  d ro p w ise  o v e r  0 .5  h .
The m ix tu r e  was s t i r r e d  f o r  0 .5  h  th e n  15% NaOH (66  mL) was ad d e d  d ro p w ise  
o v e r  10 m in . A f t e r  5 m in  o f  a d d i t i o n a l  s t i r r i n g ,  ^ 0  (198 mL) was 
added  d ro p w ise  o v e r  45 m in . The h y d ro ly z e d  m ix tu r e  was s t i r r e d  f o r  
a p p ro x im a te ly  1 .5  d a y s ,  i . e .  u n t i l  no g ra y  m a t e r i a l  was l e f t  i n  th e  
m ix tu r e .  A c e to n e  ( 1 .2  L) was add ed  and t h e  m ix tu r e  was s t i r r e d  f o r  2 h  
th e n  a llo w e d  to  s e t t l e  f o r  s e v e r a l  h .  The s o l i d  m a t e r i a l  was s e p a r a te d  
v i a  f i l t r a t i o n ,  w ashed  s e v e r a l  t im e s  w i th  a c e to n e  th e n  p u t  a s i d e  f o r  
f u r t h e r  t r e a t m e n t . The com bined  f i l t r a t e  and  w a sh in g  w ere  c o n c e n t r a te d  
(R o ta v a p o r)  to  g iv e  a  c ru d e  y i e l d  o f  1 3 4 .6  g w h ich  was d i s t i l l e d  
th ro u g h  a  10 cm V ig re u x  colum n to  a f f o r d  1 1 1 .0 1  g (73%) o f  t h e  d i o l :  
bp 91°C ( 8 .7 5  mm)-91°C (7 .7 5  mm); a 181 7 .1 °  ( n e a t )  [ l i t .  bp10°1 0 1 .8 °C  
(24 mm), c ^ 51 6 .3 5 °  ( n e a t ) 1 0 8 ] ;  NMR (C D C l^  6 1 .1 3  ( d ,  3H , CH3 ) , 3 .1 6 -  
3 .6 3  and 3 .6 3 - 4 .1 0  (2m , 3H, CH and CH2) , 4 .4 6  ( s ,  2H , OH).
* T h is  i s  a  m o d i f i c a t i o n  o f  t h e  p r o c e d u re  u s e d  by  M ori t o  r e d u c e  (£>)- 
( - ) - l e u c i c  a c id  to  t h e  c o r r e s p o n d in g  d i o l  i n  50% y i e l d . 10^
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The s o l i d  m a t e r i a l  from  ab o v e  was made a c i d i c  w i th  2N , d i l ­
u te d  w i th  H2 O th e n  e x t r a c t e d  f o r  s e v e r a l  d a y s  w i th  C I ^ C ^  • The C I^ C ^  
s o l u t i o n  w as c o n c e n t r a t e d  (R o ta v a p o r)  to  g iv e  a  c ru d e  r e s i d u e  (2 0 .7 0  g ) 
w h ich  was d i s t i l l e d ,  bp 35 -89°C  (6 .0 5  mm), th ro u g h  a  s h o r t  p a th  d i s ­
t i l l a t i o n  a p p a r a tu s  t o  g iv e  1 4 .0 3  g o f  m a t e r i a l  w h ic h  was d e te rm in e d  to
be  so m e th in g  o t h e r  t h a n  p r o p y le n e  g l y c o l  v i a  NMR.
92( S ) - ( - ) - 2 -A c e to x y - l -b ro m o p ro p a n e  ( 73)
HBr/AcOH (834 mL, 4 .3 2  m ol) was a d d ed  w i th  s t i r r i n g  t o  i c e - w a t e r  
c o o le d  ( S ) - ( + ) - p r o p a n e - 1 ,2 - d i o l  (1 0 9 .4 5  g ,  1 .4 4  m ol) o v e r  a p p ro x im a te ly
1 h .  The b a th  was rem oved and  th e  r e a c t i o n  was s t i r r e d  a t  room  te m p e r ­
a t u r e  f o r  2 h .  1^0  ( 1 .5  L) was add ed  and t h e  m ix tu r e  was n e u t r a l i z e d  
w ith  ^ 2 0 0 ^  • H2 O ( 0 .5  L) was added  to  d i s s o l v e  t h e  s o l i d  m a t e r i a l  
p r e s e n t  and th e  m ix tu r e  was e x t r a c t e d  3 t im e s  w i th  e t h e r  (750  m L ). The 
o r g a n ic  e x t r a c t s  w ere  co m b in e d , d r i e d  (Na2S0^) and c o n c e n t r a t e d  (R o ta v a ­
p o r ,  l e s s  th a n  50°C) to  g iv e  2 7 8 .7  g o f  d a rk  l i q u i d .  T h is  was d i s t i l l e d  
th ro u g h  a  6 "  V ig re u x  colum n t o  y i e l d  2 1 5 .8 3  g (83%) o f  t h e  e s t e r :  bp
63°C ( 1 2 .5  mm)-70°C ( 9 .2 5  mm) [ l i t . 92bp 57°C (11  m m )]; NMR (CDC13 ) 6 
1 .3 6  ( d ,  3H , CH3 ) ,  2 .0 7  ( s ,  3H , C ^C O g) , 3 .4 3  ( d ,  2H, CH2) , 5 .0 6  (m , 1H, 
CH) and 4 .2 6  ( s m a l l  m , d u e  to  t r a c e  o f  l - a c e to x y - 2 -b r o m o  i s o m e r ) .  
P o ta s s iu m  P e n to x id e
P o ta s s iu m  ( c a .  60 g ,  1 .5  m o l ) ,  r i n s e d  th e n  w e ighed  o u t  i n  p e n ta n e ,  
was add ed  i n  p i e c e s  t o  1 - p e n ta n o l  ( d i s t i l l e d  from  Na) u n d e r  n i t r o g e n .
The m ix tu r e  w as s t i r r e d  u n t i l  t h e  l a s t  t r a c e s  o f  K had  r e a c t e d .  A l iq u o ts  
(1 mL) w e re  ad d ed  t o  w a te r  th e n  t i t r a t e d  w i th  s t a n d a r d iz e d  HC1 s o l u t i o n  
(0 .2 0 0 3  N) u s in g  p h e n o lp h th a le in  i n d i c a t o r .  A p p ro x im a te ly  1 L o f  1 .5 5  M 
s o l u t i o n  was o b ta in e d .
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(S ) - ( - )  - 1 , 2 -E p o x y p ro p an e  ( 7 1 ) -M ethod B
( S ) - ( - ) - 2 - A c e to x y - l - b r o m o p r o p a n e  ( 9 .0 5  g ,  50 mmol) and 1 - o c ta n o l*  
(2 0  mL) w ere  p la c e d  in  a  100 mL ro u n d  b o tto m  f l a s k  e q u ip p e d  w i th  an 
a d d i t i o n  f u n n e l ,  m e c h a n ic a l  s t i r r e r  and a  m ic ro  s h o r t  p a th  d i s t i l l a t i o n  
head  a t t a c h e d  to  a  10" V ig re u x  co lu m n . The s t i l l h e a d  was v e n te d  th ro u g h  
a  d r y  i c e / a c e t o n e  c o n d e n s e r .  A 1 .5 5  M s o l u t i o n  o f  p o ta s s iu m  p e n to x id e  
i n  1 - p e n ta n o l  (3 2 .3  mL, 50  mmol) was add ed  d ro p w ise  w ith  s t i r r i n g  a t  
room t e m p e r a t u r e .  When t h e  a d d i t i o n  h ad  been  c o m p le te d ,  th e  a d d i t i o n  
f u n n e l  was r e p l a c e d  w i th  a  th e rm o m e te r  and  t h e  s t i r r e d  m ix tu r e  was 
h e a te d  ( o i l  b a th )  r a p i d l y  t o  100°C . T h is  was i n s u f f i c i e n t  h e a t  t o  
d r iv e  t h e  o x id e  th r o u g h  t h e  V ig re u x  colum n so  th e  t e m p e r a tu r e  was i n ­
c re a s e d  s lo w ly .  O xide b eg an  t o  come o v e r  when t h e  p o t  t e m p e r a tu r e  had  
re a c h e d  117°C . I n c r e a s i n g  t h e  te m p e r a tu r e  was c o n tin u e d  in  an a t te m p t  
to  keep  t h e  d i s t i l l a t i o n  r a t e  h ig h  enough  t o  m a in ta in  a  h e a d  te m p e r a tu r e  
o f a p p ro x im a te ly  3 4 °C . The d i s t i l l a t i o n  was e x tr e m e ly  s lo w  ( 1 .5  h) . 
C o l l e c t io n  o f t h e  p r o d u c t  was d i s c o n t in u e d  when t h e  h e a d  t e m p e r a tu r e  
began  t o  r i s e  abo v e  34°C ( o i l  b a th  a t  173°C and p o t  te m p , a t  149°C) . 
t o  g iv e  2 .3 8  g (82%) o f  o p t i c a l l y  a c t i v e  o x id e :  bp 34 -35°C  [ l i t . ^ 9bp
3 4 -3 5 °C ]; [ a ] p 1 -1 4 .0 0 2 °  ( n e a t )  [ l i t . 94 [ a ] ^ ° - 1 4 . 65° ( n e a t ) ] ;  NMR (CDC13 ) 
6 1 .3 0  ( d ,  3H , CH3 ) , 2 .3 9  ( q , lR ) and 2 .7 0  ( q , 1H) (C H ^ , 2 .9 7  (m , 1H ,
CHO) ; GC 1 p e a k ,  r e t .  t im e  1 .3  min (1 3 0 °C , 60 mL/min) .
109(R) - ( - )  - 2 - B r o s y lo x y - l - p h e n y le th a n o l
To a  s t i r r e d  s o l u t i o n  o f  £ -b ro m o b e n z e n e s u lfo n y l  c h lo r i d e  ( 8 3 .2  g ,  
0 .3 2 5  m ol) in  p y r i d i n e  (2 5 0  mL) a t  -10°C  u n d e r  n i t r o g e n ,  a  s o l u t i o n  
of (R ) - ( - ) - 1 - p h e n y l - 1 ,2 - e t h a n e d i o l  ( 4 5 .0  g ,  0 .3 2 5  m ol) i n  p y r i d i n e
* 0 c ta n o l  was u s e d  s im p ly  b e c a u s e  i n s u f f i c i e n t  p e n ta n o l  was a v a i l a b l e .
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(250 mL) was add ed  d ro p w is e  a t  a  r a t e  s u f f i c i e n t  to  keep  t h e  te m p e r a tu r e  
below  5 °C . The m ix tu r e  was p la c e d  i n  t h e  r e f r i g e r a t o r  f o r  c a .  2 d a y s  
d u r in g  w h ic h  o n ly  a  s m a l l  am ount o f  c r y s t a l l i n e  m a t e r i a l  h ad  fo rm e d .
The m ix tu r e  was rem oved fro m  th e  r e f r i g e r a t o r  and  a llo w e d  to  s ta n d  
a t  room te m p e r a tu r e  f o r  2 h .  I t  was th e n  p o u re d  i n t o  i c e  (1200  g ) / c o n c .  
HC1 (200  mL) and  th e  gummy p r o d u c t  was t a k e n  up i n  e t h e r  by e x t r a c t i n g  
3 t im e s  w i th  c a .  600 mL o f  e t h e r .  The e t h e r e a l  s o l u t i o n  was d r i e d  
(Na2S0^) and c o n c e n t r a t e d  ( R o ta v a p o r ) . An a t te m p te d  r e c r y s t a l l i z a t i o n  
o f  t h e  o i l y  r e s i d u e  fro m  270 mL o f  b e n z e n e / l i g h t  p e t .  e t h e r  ( 5 :4  by v o l )  
f a i l e d .  The s o lv e n t  was rem oved (R o ta v a p o r )  to  y i e l d  8 9 .9 0  g (77% ):
NMR (CDC13) 6 3 .0  ( s ,  1H, OH), 4 .0 5  (d ) and 4 .2 6  ( s )  (2H , CH2) , 4 .9 3  
(2 d , 1H, CH), 7 .2 7 ,  7 .3 2  and 7 .6 2  ( 3 s ,  11H, P h ) . A lth o u g h  th e  NMR s p e c ­
trum  i n d i c a t e s  t h e  p r e s e n c e  o f  an  i m p u r i t y ,  t h i s  p r o d u c t  was u s e d  w i th o u t  
f u r t h e r  p u r i f i c a t i o n .
1 OQ
(R )- ( + ) -S  t y r  e n e  Ox id  e
(R )- ( - ) - 2 - B r o s y l o x y - l - p h e n y l e t h a n o l  (8 9 .9 0  g ,  0 .2 1 4  m ol) was 
d i s s o lv e d  i n  e t h e r  (400  mL) th e n  th e  s o l u t i o n  was c o o le d  to  -1 5 ° C .
A s o l u t i o n  o f  KOH ( 1 6 .0  g ,  0 .2 8 7  m ol) i n  m e th a n o l  (160  mL) was ad d ed  
d ro p w ise  a t  a  r a t e  s u f f i c i e n t  to  keep  t h e  te m p e r a tu r e  be low  3 °C . S h o r t l y  
a f t e r  t h e  a d d i t i o n  h ad  b e e n  c o m p le te d ,  ^ 0  (750  mL) was ad d ed  and  th e  
v o lu m in o u s  w h i te  p r e c i p i t a t e  d i s s o l v e d  r e a d i l y .  The l a y e r s  w ere  
s e p a r a te d  and t h e  a q u e o u s  l a y e r  was e x t r a c t e d  w i th  e t h e r .  The com bined  
o r g a n ic  l a y e r s  w ere  d r i e d  (Na2S0^) th e n  c o n c e n t r a t e d  (R o ta v a p o r )  l e a v in g
6 0 .3  g o f  a  y e l lo w  s u s p e n s io n .  T h is  was d i s t i l l e d  to  y i e l d  2 0 .3 6  g (68%) 
o f  t h e  o x id e :  bp 6 0 .5 °C  ( 1 .7 0  m m )-63 .5°C  ( 2 .0  mm) [ l i t . ^ ^ b p  90-92°C
(20 m m )]; C o t]^ 2 9 .2 6 °  ( n e a t )  [ l i t  . ^ ^ [ a ] p 3 4 .2 °  ( n e a t ) ] ;  NMR (CDCl^) 5
2 .7 3  ( 2 d ,  1H) and 3 .1 0  ( 2 d ,  1H) (CH2 ) , 3 .8 0  ( 2 d ,  1H, CH ), 7 .3 0  ( s ,  5H, Ph)
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A se co n d  f r a c t i o n  was o b t a i n e d :  Y i e l d ,  5 .2 1  g (17% ); bp 5 4 .5 -6 0 ° C
ry  Q
( 0 .8 5  mm); C a l^  2 6 .9 0  ( n e a t ) ;  t h e  NMR s p e c t r u m  (CDCl^) was i d e n t i c a l  
t o  t h a t  o f  f r a c t i o n  1 .
( S ) - 2 - ( T e t r a h y d r o - 2 - p y r a n o x y ) p r o p a n a m i d e  ( 78)
E t h y l  ( S ) - 2 - ( t e t r a h y d r o - 2 - p y r a n o x y ) p r o p a n o a t e  (193  g ,  0 .9 6  m ol) 
and aq u e o u s  ammonia 29 .3% , 1 .0  L , 1 5 .5  m ol)  w e re  p l a c e d  i n  a  ro u n d  
b o ttom  f l a s k  c o n t a i n i n g  a  m a g n e t i c  s t i r r i n g  b a r  and  e q u ip p e d  w i t h  
a d ry  i c e / a c e t o n e  c o n d e n s e r  on to p  o f  a  r e f l u x  c o n d e n s e r .  A f t e r  s t i r ­
r i n g  f o r  5 .5  h  a t  room t e m p e r a t u r e ,  t h e  m i x t u r e  was r e f l u x e d  f o r  2 h 
p ro d u c in g  a  c l e a r  s o l u t i o n .  The d r y  i c e / a c e t o n e  c o n d e n s e r  was r e f i l l e d d  
and t h e  s o l u t i o n  was h e a t e d  ( V a r i a c  s e t t i n g  a t  40) o v e r n i g h t  (9 h ) .
A c l e a r  y e l l o w - o r a n g e  s o l u t i o n  r e m a in e d  and  t h e r e  was no ammonia o d o r .  
W ater was rem oved (R o ta v a p o r )  t h e n  t o l u e n e  was a d d e d  and s o l v e n t  was 
vacuum e v a p o r a t e d  o n c e  a g a i n  t o  g i v e  1 5 9 .0  g (95%) o f  c r u d e  p r o d u c t :
NMR (CDCl^) 6  1 .4 0  and  1 .5 0  ( 2 d ,  d i a s t e r e o t o p i c  C H ^ 's)  and  1 .6 7  ( b r o a d  
s ,  CH2) ( 9 H ) , 3 . 2 0 - 4 . 0 3  ( b r o a d  m, 2 .1 6  H, CH2 0) , 4 .2 3  ( 2 q ,  1H, CHO),
4 .6 7  (b ro a d  s ,  0 .7 H ,  CH02) , 6 . 5 5 ,  5 .8 8  and 7 .0 3  (3 b r o a d s ,  2 .2 5 H , NH2) , 
a l s o  7 .2 0  and 2 .3 4  ( 2 s ,  t o l u e n e ) .  S i n c e  t h e r e  was no i n d i c a t i o n  o f  
any H2 0  i n  t h e  p r o d u c t ,  i t  was u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n  i n  
s u b s e q u e n t  LAH r e d u c t i o n .  A s m a l l  sa m p le  was d i s t i l l e d  f o r
ry  r t
c h a r a c t e r i z a t i o n :  bp 125 -129°C  ( 1 m m ) ;  [ot] ^  - 2 7 .5  ( c  2 . 4 3 ,  CH2 C12) ;
NMR (CDClg) 6  1 .4 0  (2 d )  and  1 .4 7  (d) ( d i a s t e r e o t o p i c  C H ^ 's)  and  1 .6 7  
(b ro a d  s,CH2) (9H) , 3 . 2 0 - 4 . 0  ( b r o a d  m, 1 .9 H ,  CH2 0) , 4 .2 5  ( q ,  1 .3  H,
CHO), 4 .6 9  (b ro a d  s ,  0 .8 H ,  CH02 ) 6 .2 0  and  6 .7 2  (2  b ro a d  s ,  2 .7 H ,  *
A n a l .  C a lcd  f o r  CgH^NOg: C, 5 5 .4 9 ;  H, 8 . 6 7 ;  N, 8 . 0 9 .  Found : C ,
5 5 .2 3 ;  H, 8 . 9 2 ;  N, 8 .8 7  .
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( S ) - 2 - ( T e t r a h y d r o - 2 - p y r a n o x y ) - 1 - a m i n o p r o p a n e  (7 9 )*
A s o l u t i o n  o f  ( S ) - 2 - ( t e t r a h y d r o - 2 - p y r a n o x y ) p r o p a n a m i d e  ( 1 0 3 .8  g ,
0 .6 0  m ol)  i n  d r y  e t h e r  (250  mL) was added  d r o p w is e  o v e r  2 h  t o  a n  i c e -  
w a te r  c o o le d  s u s p e n s i o n  o f  LAH ( 4 5 .6  g ,  1 2 .0  m ol)  i n  d r y  e t h e r  (750  mL) 
u n d e r  a n  a tm o s p h e re  o f  n i t r o g e n .  The c o o l i n g  b a t h  was rem oved and  t h e  
m ix t u r e  was r e f l u x e d  f o r  53 h .  The r e a c t i o n  m i x t u r e  was c o o le d  ( i c e -  
w a te r )  t h e n  decom posed  by t h e  s e q u e n t i a l  d r o p w is e  a d d i t i o n  o f  H2 0  
(46 mL) , 15% NaOH (46  mL) t h e n  ^ 0  (138 mL) . The m i x t u r e  was s t i r r e d  
f o r  2 -3  h b e tw e e n  e a c h  a d d i t i o n .  The s o l i d  m a t e r i a l  was s e p a r a t e d  
v i a  s u c t i o n  f i l t r a t i o n  t h e n  w ashed  s e v e r a l  t im e s  w i t h  CH2 C12  . The 
combined f i l t r a t e  and w a s h in g s  w ere  c o n c e n t r a t e d  (R o ta v a p o r )  a p p r o x ­
im a te ly  6  weeks l a t e r  t o  g i v e  9 1 .5  g o f  c r u d e  p r o d u c t  w h ic h  was d i s ­
t i l l e d  f rom  KOH th r o u g h  a  s h o r t  p a t h  d i s t i l l a t i o n  a p p a r a t u s  t o  a f f o r d  
4 2 .8  g (45%) o f  t h e  a m in e :  bp 76°C ( 1 .4 0  mm)-95°C ( 1 .6 0  mm); a ^ l 4  .05°
( n e a t ) ;  NMR (CDC13 ) 6  1 .1 7  ( t ,  3H, CH3 ) , 1 .5 7  ( s  , 8 H, CH2  and  NH^ ,
2 .7 0  ( 2 d ,  2H, CH2 N ) ,  3 . 2 3 - 4 . 2 3  (m, 3H, CH20 and  CHO), 4 .6 6  ( s ,  1H, 
cho2 ) .
B i s [ ( S ) - 2 - h y d r o x y p r o p y l ] - ( S ) - 2 - [ t e t r a h y d r o - 2 - p y r a n o x y ] - 1 - a m i n o p r o p a n e  ( 80)
O t;
( S ) - ( - ) - P r o p y l e n e  o x i d e  (3 mL, 0 .1 5 8  m ol)  [ ot] D - 1 3 .3 7 °  ( n e a t ) ,
was added  d r o p w is e  u n d e r  n i t r o g e n  t o  a  s t i r r e d  s o l u t i o n  o f  ( S ) - 2 -
23 o( t e t r a h y d r o - 2 - p y r a n o x y ) - 1 -a m in o p r o p a n e  ( 3 .9 8  g ,  0 .0 2 5  m ol)  1 4 .0 5  
( n e a t )  and H20 ( 6  mL) i n  a  ro u n d  b o t to m  f l a s k  e q u ip p e d  w i t h  a  r e f l u x  
c o n d e n s e r .  A f t e r  s t i r r i n g  o v e r n i g h t  ( 1 8 .5  h) two l a y e r s  h ad  fo rm e d .
The l a y e r s  w e re  s e p a r a t e d  and  t h e  o r g a n i c  l a y e r  was w ashed  w i t h  s a t ­
u r a t e d  NaCl s o l u t i o n .  The com bined  a q u e o u s  l a y e r s  w e re  e x t r a c t e d  3 t im e s
* T h is  i s  a  m o d i f i c a t i o n  o f  t h e  p r o c e d u r e  u s e d  t o  r e d u c e  t h e  THP
89p r o t e c t e d  e t h y l  ( S ) - ( + ) - l a c t a t e .
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w i th  e t h e r  and  t h e  e x t r a c t s  and  o r i g i n a l  o r g a n i c  l a y e r  w e re  com­
b in e d  and c o n c e n t r a t e d  ( R o ta v a p o r )  t o  o b t a i n  a  c r u d e  p r o d u c t  ( 6 .5 3  g 
95%): NMR (CDCLj) 6  1 .1 0  (m, 9H, CH3 ) , 1 .6 1  ( s ,  6 H, CH2  o f  THP),
1 .9 5 - 2 .8 8  (m, 6 H, CH2 N ) , 3 . 2 5 - 4 . 2 3  (m, 7H, CHO, CH20 and  OH), 4 .4 5  and  
4 .7 5  ( 2 s ,  2 .2 H ,  CH02) . T h i s  p r o d u c t  was u s e d  w i t h o u t  f u r t h e r  p u r i f i ­
c a t i o n  f o r  t h e  d e p r o t e c t i o n  s t e p .
T r i s [ ( S ) - 2 - h y d r o x y p r o p y l ] a m i n e  ( 8 1 ) -M ethod A
C o n c e n t r a te d  HC1 (3 mL, 3 4 .8  mmol) was added  t o  a  n i t r o g e n  f l u s h ­
ed f l a s k  c o n t a i n i n g  a  s t i r r e d  s o l u t i o n  o f  b i s [ ( S ) - 2 - h y d r o x y p r o p y l ] -  
( S ) - 2 - [ t e t r a h y d r o - 2 - p y r a n o x y ] - 1 -a m in o p r o p a n e  ( 6 .5 3  g ,  24 mmol) i n  m e th ­
a n o l  (30 m L ). The s o l u t i o n  was s t i r r e d  f o r  21 h a t  w h ich  t im e  KOH 
p e l l e t s  ( a p p r o x i m a te l y  18) w ere  added  u n t i l  t h e  pH was a p p r o x i m a t e ly  10 
(w e t pH p a p e r ) . E t h e r  (30 mL) was added  and  t h e  s o l i d  m a t e r i a l  was 
s e p a r a t e d  v i a  s u c t i o n  f i l t r a t i o n  and  w ashed  w i t h  e t h e r .  The com bined  
f i l t r a t e  and  w a s h in g s  w e re  c o n c e n t r a t e d  (R o ta v a p o r )  t o  g i v e  a  r e s i d u e  
(4 .4 8  g) w h ic h  c r y s t a l l i z e d  upon  s t a n d i n g .  D i s t i l l a t i o n  a f f o r d e d  3 .3 8  g 
(74%) o f  t h e  o p t i c a l l y  a c t i v e  a m i n o t r i o l :  bp 118-142°C  ( 1 .1 5  mm) ( m o s t ly
a t  1 3 8 - 1 4 2 ° C ) ; mp 8 8 .5 - 9 7 ° C ;  [ a ] 331 9 6 .0 8 °  ( c  2 . 5 5 ,  CH2 C12 ) ; NMR (CDC13 )
6  1 .0 9  ( d ,  3H, CH3 ) ,  2 . 0 - 2 . 6 5  (m, 2H, CH2) , 3 . 5 2 - 4 . 1 6  (m, 1H, CHO),
5 .03  ( s ,  1H, OH). A n a l .  C a lc d  f o r  CgH^NO-j: C, 5 6 .5 4 ;  H, 1 0 .9 9 ;  N,
7 .3 3 .  Found C, 5 6 .0 8 ;  H , 1 1 .3 3 ;  N, 7 .0 9  (10 m on ths  a f t e r  p r e p a r a t i o n ) .
T r i s [ ( S ) - 2 - h y d r o x y p r o p y l ] a m in e  ( 8 1 ) -M ethod B
( S ) - ( - ) - P r o p y l e n e  o x i d e  (21  mL, 0 .3 0  m ol)  [ a ] 3 ^ - 1 2 . 3 5 ° ( n e a t ) , 
was added  d r o p w is e  u n d e r  n i t r o g e n  t o  a  w a t e r  b a t h  c o o le d  s o l u t i o n  
o f  aqueous  NH3  (29 .6% , 6 .4  m l ,  0 .1 0  m ol)  i n  H20 (20  mL) i n  a  f l a s k  
e q u ip p ed  w i t h  a  m a g n e t i c  s t i r r i n g  b a r  and  a  d r y  i c e / a c e t o n e  r e f l u x  
c o n d e n s e r .  A f t e r  s t i r r i n g  f o r  1 h  t h e  b a t h  was rem o v e d ,  t h e  c o n d e n s e r
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was r e f i l l e d  and  t h e  r e a c t i o n  was l e f t  t o  s t i r  o v e r  t h e  weekend 
(64 h ) . The s o l u t i o n  was c o n c e n t r a t e d ,  t o l u e n e  was a d d e d  and  t h e  s o l u t i o n  
was r e c o n c e n t r a t e d  t o  g i v e  1 6 .0 2  g o f  c r u d e  p r o d u c t .  T h is  was d i s ­
t i l l e d  t h r o u g h  a  m ic ro  s h o r t  p a t h  d i s t i l l a t i o n  a p p a r a t u s  t o  y i e l d  I 4 .7 6 g  
(77%) o f  t h e  o p t i c a l l y  a c t i v e  t r i i s o p r o p a n o l a m i n e : bp 133-137°C  ( 0 .2 5
mm) ( m o s t ly  1 3 3 - 1 3 5 ° C ) ; mp 8 9 -9 9 °C ;  [ a ] 3 ° 1 9 1 .3 3 7 °  (c  2 . 5 6 ;  CH2 C12) ;
1H NMR (CDC13) 6  1 .1 0  ( d , 9H, CHg) , 1 .9 7 - 2  .07 ( q ,  6 H, CH2 ) , 3 .9 3  (m,
3H, CHO), 5 .3 6  ( s , 3H, OH); 13C NMR (CDC13 ) 6  1 9 .8 3  (q )  , 6 3 .6 6  ( t )  ,
63 .9 3  ( d ) , p l u s  6  s m a l l  p e a k s  i n d i c a t i n g  c a .  7.5% o f  w ha t i s  p r o b a b l y  
an i s o m e r i c  i m p u r i t y ;  TLC R ^= 0.29  and  two b a r e l y  v i s i b l e  s p o t s  a t  R^=
0 .4 1  and 0 . 6 5 .  A n a l .  C a lc d  f o r  CgH2 ^N03 : C, 5 6 .5 4 ;  H, 1 0 .9 9 ;  N,
7 .3 3 .  Found : C, 5 6 .1 8 ;  H, 1 1 .2 8 ;  N, 7 . 1 8 .
88T r i i s o p r o p a n o l a m i n e  B o r a t e  (TIPA) ( 64)
A s o l u t i o n  o f  b o r i c  a c i d  ( 2 9 .7  g ,  0 .3 8  m ol)  and c o m m e rc ia l  
t r i i s o p r o p a n o l a m i n e  ( a  r a c e m ic  m i x t u r e  o f  d i a s t e r e o m e r s )  (92 g ,  0 .4 8  
m ol) i n  t o l u e n e  (100  mL) was r e f l u x e d  u n d e r  n i t r o g e n  w i t h  c o n t i n u o u s  
rem o v a l  o f  w a t e r  v i a  a  D e a n - S ta r k  t r a p  u n t i l  w a t e r  f o r m a t i o n  c e a s e d  
( 2 6 .5  mL o f  H2 0 ,  204% o f  t h e o r y  was c o l l e c t e d  i n  c a .  4 h ) . The r e s u l t ­
in g  c l e a r  s o l u t i o n  was a l lo w e d  t o  c o o l  o v e r n i g h t .  As much o f  t h e  t o l u e n e  
a s  p o s s i b l e  was d e c a n t e d  and  t h e  c l e a n  w h i t e  c r y s t a l l i n e  r e s i d u e  was 
r e c r y s t a l l i z e d  f ro m  400 mL o f  h e p t a n e / a c e t o n e  ( 3 : 1  by v o l )  . The r e ­
c r y s t a l l i z e d  p r o d u c t  was s e p a r a t e d  v i a  s u c t i o n  f i l t r a t i o n ,  w ashed  w i t h  
p e n ta n e  t h e n  d r i e d  i n  v a c u o  o v e r  ^ 2 ^ 5  t o  y^-e ^  6 4 .0  g (67%) o f  t h e  
b o r a t e :  mp 151-155°C  ( l i t . 8 8  mp 1 5 4 - 1 5 7 ° C ) ; NMR (CDC13 ) 6  1 . 0 - 1 . 5 0
(m, 3H, CH3) ,  2 . 0 6 - 3 . 6 3  (2m, 2H, CH2) , 3 . 8 3 - 4 . 8 9  (m , lH ,  CH) .
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P o ta s s iu m  T r i i s o p r o p a n o l a m i n e  B o r a t e  H y d r id e  (TIPABH) (6 5 )*
K H /N ujo l (24.7% s u s p e n s i o n ,  t o t a l  w t 6 .4 8  g ,  c a .  4 0 .0  mmol o f  KH) 
was w e ig h e d  i n t o  an  o ven  d r i e d ,  100 mL ro u n d  b o t to m  f l a s k  c o n t a i n i n g  
a  m a g n e t i c  s t i r r i n g  b a r  and  e q u ip p e d  w i t h  a  r u b b e r  sep tu m  c a p . The 
f l a s k  was f l u s h e d  w i t h  n i t r o g e n  and  t h e  N u jo l  was rem oved f ro m  t h e  KH 
by w a sh in g  3 t im e s  w i t h  30 mL o f  p e n t a n e .  The p e n t a n e  was t r a n s f e r r e d  
u n d e r  n i t r o g e n  v i a  s t a i n l e s s  s t e e l  n e e d l e . When t h e  l a s t  t r a c e s  o f  
p e n ta n e  h ad  b e e n  rem oved by b lo w in g  n i t r o g e n  t h r o u g h  t h e  f l a s k ,  t h e  
f l a s k  was r e w e ig h e d  t o  v e r i f y  t h e  am ount o f  KH ( 1 .3 0  g ,  3 2 .5  m m ol) .
Dry THF (10  mL) was a d d ed  v i a  s t a i n l e s s  s t e e l  n e e d l e  f o l l o w e d  by a 
s o l u t i o n  o f  t r i i s o p r o p a n o l a m i n e  b o r a t e  ( 5 .9 7  g ,  3 0 .0  mmol) i n  d r y  THF 
(50 m L ) . The m i x t u r e  was s t i r r e d  and a n a ly z e d  p e r i o d i c a l l y  f o r  h y d r i d e  
c o n t e n t  by  a l l o w i n g  t h e  KH t o  s e t t l e ,  t h e n  i n j e c t i n g  1 mL a l i q u o t s  
o f  t h e  s u p e r n a t a n t  l i q u i d  i n t o  2 N HC1 and m e a s u r in g  t h e  vo lum e o f  ^  
e v o lv e d .  T h e r e  a p p e a r e d  t o  b e  no s i g n i f i c a n t  h y d r i d e  u p t a k e  w i t h i n  
t h e  f i r s t  27 h  a t  room t e m p e r a t u r e  a f t e r  r e f l u x i n g  f o r  24 h ,  t h e  c o o l ­
ed s o l u t i o n  was fo u n d  t o  b e  0 .5 4 7  M i n  h y d r i d e  ( c a .  100% o f  t h e o r e t i c a l ) . 
T r i s [ ( S ) - 2 - h y d r o x y p r o p y l ] a m i n e  B o r a t e  ( 85)
T r i s t ( S ) - 2 “h y d r o x y p ro p y ] a m in e  (3 g ,  1 5 .7  m m o l) ,  b o r i c  a c i d  ( 0 .9 7  g ,  
1 5 .7  mmol) and  t o l u e n e  (50 mL) w e re  com bined  i n  a  ro u n d  b o t to m  f l a s k  
e q u ip p e d  w i t h  a  m a g n e t i c  s t i r r i n g  b a r .  The m i x t u r e  t u r n e d  t o  a  c l e a r  
s o l u t i o n  u p o n  h e a t i n g .  The s o l u t i o n  was r e f l u x e d  u n d e r  n i t r o g e n  w i t h  
c o n t i n u o u s  w a t e r  r e m o v a l  v i a  a  D e a n - S ta r k  t r a p .  A f t e r  3 h  no m ore  ^ 0  
a p p e a r e d  t o  b e  coming o f f .  A f t e r  c o o l i n g ,  t h e  r e s u l t i n g  c l e a r  s o l u t i o n
* T h is  i s  e s s e n t i a l l y  t h e  p r o c e d u r e  u s e d  by  Brown t o  fo rm  p o t a s s i u m
8 6  87t r i i s o p r o p o x y b o r o h y d r i d e . ’
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was c o n c e n t r a t e d  ( R o ta v a p o r )  and  t h e  r e s i d u e  was t a k e n  up i n  h o t  THF.
I n s o l u b l e  m a t e r i a l  was rem oved v i a  f i l t r a t i o n  and  w ashed  w i t h  a c e t o n e .
The s o l v e n t  was rem oved f ro m  t h e  com bined  f i l t r a t e  and  w a s h in g s  l e a v i n g
a  w h i t e  s o l i d  ( 3 . 2 0  g ) . T h i s  was d i s s o l v e d  i n  b o i l i n g  THF ( c a .  5mL)
and p e t r o l e u m  e t h e r  (11Q -115°C) was a d d ed  t o  t h e  c lo u d i n g  p o i n t  ( c a .  8
mL w e re  r e q u i r e d ) ;  c r y s t a l s  fo rm ed  upon  c o o l i n g  t o  room t e m p e r a t u r e .
The r e c r y s t a l l i z a t i o n  m i x t u r e  was p l a c e d  i n  a  r e f r i g e r a t o r  f o r  a  s h o r t
t i m e .  The c r y s t a l s  w e re  s e p a r a t e d  v i a  s u c t i o n  f i l t r a t i o n ,  w ashed  w i t h
a  s m a l l  am ount o f  p e n t a n e ,  t h e n  d r i e d  i n  v a c u o  t o  a f f o r d  2 .5 0  g (80%)
0  /
o f  p r o d u c t :  mp 1 3 5 - l4 5 ° C ;  [ a ] D 175° (c  2 . 7 2 ,  C ^ C ^ )  (A s m a l l  am ount
o f  i n s o l u b l e  m a t e r i a l  was p r e s e n t  i n  t h e  r o t a t i o n  s o l u t i o n . ) ;  NMR (CDCl^) 
6  1 .2 7  ( d ,  3H, CH3 ) ,  2 .4 2  ( t ,  1H, XH o f  CH2  c i s  t o  CH3 ) , 3 .2 3  ( 2 d ,  1H,
^H o f  CH2  t r a n s  t o  CH3 ) , 4 .1 6  (m, 1H, CH). T h i s  m a t e r i a l  was s u b ­
s e q u e n t l y  fo u n d  t o  be  e x t r e m e l y  h y g r o s c o p i c  ( d e l i q u e s c e n t ) .
P o ta s s iu m  T r i s [ ( S ) - 2 - h y d r o x y p r o p y l ] a m i n e  B o r a t e  H y d r id e  ( 8 6 )
K H /N ujol (24.7% s u s p e n s i o n ,  t o t a l  wt 3 .0 5  g ,  c a .  1 8 .8  mmol o f  KH)
was w e ig h e d  i n t o  a  t a r e d ,  o v e n - d r i e d ,  ro u n d  b o t to m  f l a s k  e q u ip p e d  w i t h
a  m a g n e t i c  s t i r r i n g  b a r  and  2 sep tu m  c a p s .  The f l a s k  was f l u s h e d  w i t h
n i t r o g e n  an d  t h e  N u jo l  was rem oved fro m  t h e  KH by w a sh in g  i t  3 t im e s
o
w i th  30 mL o f  p e n t a n e  ( d r i e d  o v e r  3A m o l e c u l a r  s i e v e s ) . The p e n ta n e  
was t r a n s f e r r e d  u n d e r  n i t r o g e n  v i a  s t a i n l e s s  s t e e l  n e e d l e .  When t h e  
l a s t  t r a c e s  o f  p e n t a n e  h a d  b e e n  rem oved by b lo w in g  n i t r o g e n  t h r o u g h  
t h e  f l a s k ,  t h e  f l a s k  was r e w e ig h e d  t o  d o u b le  c h e c k  t h e  am ount o f  KH 
0 .7 6  g ,  19 m m ol) .  One o f  t h e  s e p t a  was r e p l a c e d  by a n  o v e n - d r i e d  r e ­
f l u x  c o n d e n s e r ,  t h e  f l a s k  was r e f l u s h e d  w i t h  n i t r o g e n  and  d r y  THF (5 mL) 
was a d d e d .  A s o l u t i o n  o f  t r i s [ ( S ) - 2 - h y d r o x y p r o p y l ] a m i n e  b o r a t e  ( 2 .4 4  g ,
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1 2 .3  mmol) i n  d r y  THF (1 5  mL) was added  v i a  s t a i n l e s s  s t e e l  n e e d l e  f o l l o w ­
ed by  a  5 mL w a sh .  The r e s u l t i n g  m i x t u r e  was s t i r r e d  and  r e f l u x e d  
u n d e r  n i t r o g e n  f o r  24  h .  Dry THF (1 0  mL) was added  v i a  s y r i n g e  and  r e -  
f l u x i n g  was c o n t i n u e d  f o r  a n  a d d i t i o n a l  0 . 5  h .  A f t e r  c o o l i n g  and 
s e t t l i n g  f o r  7 h ,  t h e  c l e a r  s o l u t i o n  was a n a ly z e d  f o r  h y d r i d e  c o n t e n t  
by  m e a s u r in g  t h e  g a s  e v o lv e d  when 1 mL a l i q u o t s  w ere  I n j e c t e d  i n t o  2N 
HG1. B a se d  on t h e  r e s u l t s  o f  t h i s  a n a l y s i s  and  s o l v e n t  vo lum e a p p r o x ­
i m a t i o n s ,  t h e  s o l u t i o n  was e s t i m a t e d  t o  c o n t a i n  c a .  46% o f  t h e  t h e o ­
r e t i c a l  amount o f  h y d r i d e .  The m i x t u r e  was r e f l u x e d  f o r  an  a d d i t i o n a l  
24 h .  A t t h e  en d  o f  t h i s  t im e  t h e  m ix t u r e  h a d  become n o t i c e a b l y  d a r k e r ,  
t h e  sep tum  had  begun t o  d e t e r i o r a t e  and t h e r e  was n o t i e a b l y  l e s s  s o l ­
v e n t  p r e s e n t .  The m i x t u r e  was a l lo w e d  t o  c o o l  and s e t t l e  f o r  5 h  and was 
th e n  a n a ly z e d  a g a i n  f o r  h y d r i d e  c o n t e n t  a s  a b o v e .  The s o l u t i o n  was 
found t o  b e  0 .1 9  M i n  h y d r i d e . *  The s u p e r n a t a n t  l i q u i d  (12 mL 2 .2 8  
nmol o f  h y d r id e )  was w ith d ra w n  v i a  s y r i n g e  and  u s e d  d i r e c t l y  i n  t h e  r e ­
d u c t i o n  o f  p r o p io p h e n o n e . The r e m a in in g  KH w as w ashed  w i t h  d r y  THF 
(10  mL) . The s u p e r n a t a n t  o f  t h i s  w ash  ( 6  mL) was a l s o  rem oved v i a  
s y r i n g e  and  added  t o  t h e  r e d u c t i o n  o f  p r o p io p h e n o n e .
I s o p r o p y l  B o r a t e ^ ^^
I s o p r o p a n o l  (1 2 0  g ,  2 . 0  m ol) , b o r i c  a c i d  ( 3 1  g ,  0 .5  mol) and 
t o l u e n e  (5 0  mL) w e re  com bined  and  r e f l u x e d  u n d e r  n i t r o g e n  i n  a  500 mL 
round b o t to m  f l a s k  e q u ip p e d  w i t h  a  D e a n - S t a r k  t r a p .  S i n c e  w a t e r  d id  
n o t  s e p a r a t e  i n  t h e  D e a n - S t a r k  t r a p ,  a d d i t i o n a l  t o l u e n e  (50  mL) and 
i s o p r o p a n o l  (5 0  mL) w e re  a d d e d .  R e f lu x i n g  was c o n t i n u e d  u n t i l  208 mL 
o f  t h e  t e r n a r y  a z e o t r o p e  ( t o l u e n e / i P r O H / ^ O  = 4 9 /3 8 /1 3 )  , t h e o r e t i c a l y
* A p p a re n t ly  i m p u r i t i e s  i n  t h e  b o r a t e  h a v e  c a u s e d  t h e  p o o r  r e s u l t s  of 
t h i s  r e a c t i o n  i n  c o m p a r is o n  t o  t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  o p t i c a l l y  
i n a c t i v e  b o r a t e .
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c o n t a i n i n g  27 mL o f  1 ^ 0 ,  had  b e e n  c o l l e c t e d .  The r e s i d u e  was d i s ­
t i l l e d  t h r o u g h  a  6 " V ig r e a u x  colum n and  f r a c t i o n  t h a t  came o f f  a f t e r  
t h e  t e m p e r a t u r e  h a d  r e a c h e d  134°C was c o l l e c t e d  t o  g i v e  1 1 .9 8 g  (13%) 
o f  p r o d u c t :  bp 110-134°C  [ l i t . m bp 139-140°C ] ; NMR (CDCLj) 6  1 .1 2
( d ,  6 H, CH^) , 4 .3 1  (m, 1H, CHO), 2 .3  and 7 .1 3  (2  s m a l l  s ,  t o l u e n e ) ,
1 .2 3  ( s m a l l  s ,  p r e s u m a b ly  h a l f  o f  a  d o u b l e t  due  t o  t h e  CH^ o f  iPrOH)
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P o ta s s iu m  T r i i s o p r o p o x y b o r o h y d r i d e  (KTPBH) ’
KTPBH was p r e p a r e d  v i a  t h e  same p r o c e d u r e  a s  TIPABH from  i s o p r o p y l  
b o r a t e  ( 5 .6 4  g ,  c a .  30 m m o l) ,  THF (60  m l)  and  K H /N ujo l (24.7% s u s p e n ­
s i o n ,  t o t a l  w t 6 .4 8  g ,  c a .  4 0 .0  mmol o f  KH) w h ic h  a c t u a l l y  c o n t a i n e d
1 .6 0  g o f  KH ( 4 0 .0  m m ol) .  R e f lu x in g  was u n n e c e s s a r y .  The m i x t u r e  
was s im p ly  s t i r r e d  f o r  6  h  t h e n  a l lo w e d  t o  s e t t l e  f o r  15 h .  The s o l u ­
t i o n  was fo u n d  t o  b e  0 .3 2 3  M ( c a .  65% o f  t h e o r y )  i n  h y d r i d e .
N ,N -B is [ ( S ) - 2 - h y d r o x y p r o p y l ] - 1 -a m in o b u ta n e  ( 87a)
( S ) - ( - ) - P r o p y l e n e  o x i d e  [ a ] 2^ - 1 3 .3 7 °  ( n e a t ) ,  ( 8  mL, 6 .6 4  g ,  114 
mmol) was added  t o  a  s t i r r e d  s o l u t i o n  o f  n - b u t y l a m i n e  ( 3 .6 5  g ,  50 mmol) 
i n  ^ 0  (12 mL) i n  a  ro u n d  b o t to m  f l a s k  e q u ip p e d  w i t h  a  r e f l u x  c o n d e n s e r .  
W i th in  10 m in  a  t a p  w a t e r  b a t h  was r e q u i r e d  f o r  a p p r o x i m a t e l y  10 m in  
to  c o n t r o l  t h e  e x o th e r m ic  r e a c t i o n .  W i th in  1 h a f t e r  t h e  o x id e  a d d i ­
t i o n ,  two l a y e r s  h ad  fo rm e d .  T h is  m i x t u r e  was s t i r r e d  o v e r n i g h t  ( 8  h ) , 
t h e n  c o n c e n t r a t e d  ( R o t a v a p o r ) . T o lu e n e  was a d d ed  and  t h e  s o l u t i o n  was 
r e c o n c e n t r a t e d  t o  g i v e  9 .7 0  g o f  c r u d e  p r o d u c t .  T h i s  was d i s t i l l e d  
t h r o u g h  a  1 . 5 "  V ig r e u x  colum n t o  y i e l d  6 .1 7  g (65%)* o f  t h e  a m i n o d i o l :  
bp 111-113°C  ( 1 .3 5  mm); ct229 0 .1 °  ( n e a t ) ;  [ci] 22137 .3 7 °  ( c  3 ;  CH2 C12) 
( a v e r a g e  r o t a t i o n  f ro m  4 r e a c t i o n s ,  a v e r a g e  d e v i a t i o n  = 0 .9 5 °  o r  0 .7 % );
*A h i g h e r  a p p a r e n t  y i e l d  ( 8 8 %) can  b e  o b t a i n e d  by c o l l e c t i n g  t h e  p r o d u c t  
t h a t  b e g i n s  t o  d i s t i l l  j u s t  3 d e g r e e s  lo w e r  t h a n  t h i s  c u t .  H ow ever, t h e  
p r o d u c t  o b t a i n e d  when t h i s  lo w e r  b o i l i n g  f r a c t i o n  i s  i n c l u d e d  h a s  a  
s e c o n d ,  s m a l l ,  f a i n t  s p o t  i n  t h e  TLC.
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1H NMR (CDC13 ) 6  0 . 7 0 - 1 . 6 8  (m, 13H, CH2  an d  CH3 ) , 2 . 0 6 - 2 . 7 3  (m, 6 H 
CH2 N ) ,  3 .4 3  ( s ,  2H, OH), 3 .8 3  ( 6 , 2H, CHO); 13C NMR (CDCl^ 6  1 4 .0 3  (q) , 
2 0 .3 2  ( q ) ,  2 0 .5 3  ( t )  , 2 9 .1 9  ( t ) , 5 5 .1 5  ( t )  , 6 2 .6 3  ( t )  , 6 3 .9 8  ( d ) ; TLC 
one s p o t ,  R ^ = 0 .6 2 ;  m ass  s p e c t r u m ,  m /z  ( r e l  i n t e n s i t y )  1 8 9 (4 )  , 1 7 4 (7 )  
1 4 4 ( 1 0 0 ) ,  1 0 2 ( 3 4 ) ,  7 0 ( 2 8 ) .  A n a l .  C a lc d  f o r  C1 QH2 3 N02 : C, 6 3 .4 9 ;  H,
1 2 .1 7 ;  N, 7 . 4 1 .  Found* : C, 6 3 .2 6 ;  H, 1 2 .4 2 ;  N , 7 . 3 4 .
N ,N -B is  [ (S_) - 2 - h y d r o x y p r o p y l ]  - 1 , 1 - d im e th y l - 1 - a m i n o  e t h a n e  ( 87b)
9 9  n
( S ) - ( “ ) - P r o p y l e n e  o x i d e ,  [&]D - 1 3 .2 8  ( n e a t )  ( 6 .6 5  g ,  115 m m ol) ,  
t e r t - b u t y l a m i n e  ( 3 .6 5  g ,  50 mmol) and 1^0  (12 mL) w ere  com bined  and  
s t i r r e d  i n  a  l o o s e l y - s t o p p e r e d  f l a s k  (w h ic h  was s t o p p e r e d  m ore  t i g h t l y  
a f t e r  a  few  h o u r s ) . Two l a y e r s  d i d  n o t  fo rm  u n t i l  t h e  r e a c t i o n  had 
s t i r r e d  f o r  2 5 .5  h .  The m i x t u r e  was s t i r r e d  f o r  an  a d d i t i o n a l  5 d a y s  
t h e n  c o n c e n t r a t e d  ( R o t a v a p o r ) . T o lu e n e  was added  and  t h e  s o l u t i o n  was 
r e c o n c e n t r a t e d  t o  g i v e  9 .2 7  g o f  c r u d e  p r o d u c t .  T h is  was d i s t i l l e d  
th r o u g h  a  1 . 5 "  V ig r e u x  co lum n t o  a f f o r d  7 .8 9  g (83%) o f  t h e  a m i n o d io l :  
bp 1 0 4 ° C ( 0 .9 0  m m )-106 .5°C  ( 0 .9 5  mm); [ct]301 0 8 .4 3 °  ( c 2 . 8 ;  CH2 C12 )
( a v e r a g e  r o t a t i o n  f ro m  6  r e a c t i o n s ,  a v e r a g e  d e v i a t i o n  = 1 .6 3 °  o r  1 .5 % );
"Hi NMR (CDC13 ) 6  1 .0 9  ( s )  and  1 .1 2  ( s )  (15H, CH3 ) , 2 . 0 3 - 2 . 8  (m, 4H 
CH2 N ) ,  3 .8 2  ( s ,  OH) and  3 .7 2  (m, CHO) ( 4 H ) ; 13C NMR (CDCl3 ) 6  2 0 .5 4  (q )  , 
2 7 .2 2  ( q ) , 5 5 .0 8  ( s ) , 5 8 .9 4  ( t )  6 6 .0 9  ( d ) ; TLC R ^= 0 .68  and  a  s e c o n d  b a r e l y  
v i s i b l e  s p o t  R^=0.04  w h ic h  d i d  n o t  d i s a p p e a r  upon  n a r r o w in g  t h e  bp 
r a n g e ;  Mass s p e c t r u m ,  m /z  ( r e l  i n t e n s i t y )  1 8 9 ( 4 ) ,  1 7 4 ( 6 ) ,  1 4 4 ( 4 2 ) ,
8 8 ( 1 0 0 ) ,  7 0 ( 6 4 ) .  A n a l .  C a lc d  f o r  C1 QH2 3 N02 : C, 6 3 .4 9 :  H, 1 2 .1 7 ;  N,
7 .4 1 .  F ound*: C, 6 2 .1 5 :  H, 1 2 .6 2 ,  N, 7 . 3 1 .
* C o n s i s t e n t  r e s u l t s  c o u ld  n o t  b e  o b t a i n e d ,  a  p ro b le m  t h a t  h a s  b e e n  
e n c o u n te r e d  by  o t h e r  w o r k e r s ^  f o r  s i m i l a r  com pounds.
101
N ,N -B is [ ( S ) - 2 - h y d r o x y p r o p y l ] - ( S ) - 1 - p h e n y l - l - a m i n o e t h a n e  ( 87d)
( S ) - ( - ) - a - m e t h y l b e n z y l a m i n e  [ a ] 3 3 - 3 7 . 9 °  ( n e a t ) ,  ( 1 2 .1 0  g ,  100 
m m ol),  H20 (24 mL) and  ( S ) - ( - ) - p r o p l y e n e  o x i d e ,  [ a ] ^  - 1 3 .2 8  ( n e a t ) ,  
( 1 3 .3 0  g ,  230 mmol) w e re  com bined  and  s t i r r e d  i n  a  l o o s e l y  s t o p p e r e d  
ro u n d  b o t to m  f l a s k .  A f t e r  s e v e r a l  h o u r s ,  t h e  f l a s k  was s t o p p e r e d  m ore  
t i g h t l y  and  s t i r r i n g  was c o n t i n u e d  f o r  19 d a y s .  The m i x t u r e  was^ c o n c e n ­
t r a t e d  ( R o ta v a p o r )  and  t h e  c r u d e  p r o d u c t  was d i s t i l l e d  t h r o u g h  a  1 . 5 "  
V ig ru e x  colum n t o  g i v e  1 7 .8 4  g (75%) o f  t h e  a m i n o d i o l :  bp 144-147°C
( 0 .4 5  mm); [ct]3^ 1 5 8 .2 0 8 °  ( c  3 . 4 ;  CH2 C12) ( a v e r a g e  r o t a t i o n  f ro m  3 r e a c ­
t i o n s ,  a v e r a g e  d e v i a t i o n  = 1 .7 9 °  o r  1 .1 % );  ^H NMR (CDCl^) 6  1 .0 5  
( d ,  6 H, CH3 ) ,  1 .3 3  ( d ,  3H, CH3 ) , 2 . 0 0 - 2 . 7 2  ( 8 , 4H, C H ^ , 3 .3 7  ( s ,  2H, 
OH), 3 . 8 0  (m, CHO) and  4 .0 0  ( q ,  CHPh) ( 3 H ) , 7 .4 0  (m, 5H, P h ) ; 1 3 C NMR 
(C D C ^) 6  1 1 .7 6  ( q ) ,  2 0 .3 7  (q)  , 5 7 .9 7  ( t )  , 5 8 .5 6  (d )  , 6 4 .5 2  (d )  , 1 2 6 .9 9  
( d ) , 1 2 7 .8 0  ( d ) , 1 2 8 .2 3  (d )  , 1 4 3 .1 8  ( d ) ; TLC o n e  s p o t  R ^ = 0 .8 1 ;  Mass 
s p e c t r u m ,  m /z ( r e l  i n t e n s i t y )  2 3 7 ( 8 ) ,  2 2 2 ( 3 ) ,  1 9 2 ( 9 2 ) ,  1 0 5 ( 1 0 0 ) ,
8 8 ( 8 4 ) ,  7 9 ( 2 4 ) ,  7 7 ( 2 8 ) ,  7 0 ( 1 9 ) .  A n a l .  C a lc d  f o r  C1 4 H2 3 N02 : C, 7 0 .8 9 ;
H, 9 . 7 0 ;  N, 5 . 9 1 .  F o und* :  C, 7 0 .4 7 ;  H, 1 0 .1 0 ;  N, 5 . 9 6 .
N ,N -B is [ ( S ) - 2 - h y d r o x y p r o p y l ] - ( R ) - 1 - p h e n y l - l - a m i n o e t h a n e  ( 87c)
a  ry
( R ) - ( + ) - a - m e t h y l b e n z y l a m i n e ,  [ a ] ^  3 9 . 4 °  ( n e a t ) ,  ( 6 .0 5  g ,  50 m m ol) ,
A A
H20 (12 mL) and  ( j p - ( - ) - p r o p y l e n e  o x i d e ,  [ a ] ^  - 1 3 . 2 8 ° ( n e a t )  , ( 6 .6 5  g ,
115 mmol) w ere  com bined  and  s t i r r e d  i n  a  l o o s e l y  s t o p p e r e d ,  ro u n d  
b o t to m  f l a s k .  A f t e r  s e v e r a l  h o u r s  t h e  f l a s k  was s t o p p e r e d  m ore  t i g h t l y  
and t h e  r e a c t i o n  was s t i r r e d  f o r  6  d a y s .  The m i x t u r e  was c o n c e n t r a t e d  
and  t o l u e n e  was a d d e d .  The s o l u t i o n  was r e c o n c e t r a t e d  t o  g i v e  a  c r u d e  
p r o d u c t  (1 1 .9 3  g ) . T h i s  was d i s t i l l e d  t h r o u g h  a  s h o r t  p a t h  d i s t i l l a t i o n
*See th e  fo o tn o te  on page 100 .
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a p p a r a t u s  t o  g i v e  9 .0  g (76%) o f  p r o d u c t :  bp 152 -156°C  ( 0 .8 0  mm);
13TLC R^=0.67  an d  a n o t h e r  s p o t  a t  R ^ = 0 .4 2 ;  C NMR (CDCl^) a l s o  i n d i c a t e d
t h e  p r e s e n c e  o f  a  s i g n i f i c a n t  i m p u r i t y .  The c r u d e  p r o d u c t  was com­
b i n e d  w i t h  a  lo w e r  b o i l i n g  f r a c t i o n  [bp 127 -152°C  ( 0 .8 0  mm)] and  was 
r e d i s t i l l e d  t h r o u g h  a  6 " V ig r e u x  colum n t o  y i e l d  7 .3 2  g (62%) o f  t h e  
a m i n o d io l :  bp 154°C ( 1 .1 0  mm)-157°C ( 1 . 0  mm); m .p .*  4 6 -5 1 °C ;  [ a ] ^ 8 3 . 2 5 4 °
(c  3 . 2 ;  C ^ C ^ )  ( a v e r a g e  r o t a t i o n  from  3 r e a c t i o n s ,  a v e r a g e  d e v i a t i o n  
= 1 .4 7 °  o r  1 .8 % );  NMR (C D C l^  6  1 .0 7  ( d ,  6 H, CH3 ) , 1 .4 5  ( d ,  3H, CH3 ) , 
2 .3 6  ( d ,  4H, CH2 N ) ,  3 . 4 9 - 4 . 2 2  (m, 5H, CH and  OH), 7 .3 1  ( s ,  5H, P h ) ;
13C NMR (CDC13) 6  1 8 .6 9  (q )  , 2 0 .4 2  ( q ) , 5 8 .6 7  ( t )  , 5 9 .8 6  ( d ) , 6 4 .2 0  (d )  
1 2 7 .1 5  (d )  , 1 2 8 .0 7  (d )  , 1 4 1 .4 0  (d )  ; TLC one  s p o t  R^.=0.61; m ass  s p e c t r u m ,  
m/z ( r e l  i n t e n s i t y )  2 3 7 ( 8 ) ,  2 2 2 ( 4 ) ,  1 9 2 ( 8 7 ) ,  1 0 5 ( 1 0 0 ) ,  8 8 ( 8 9 ) ,  7 9 ( 5 4 ) ,  
7 7 ( 5 8 ) ,  7 0 ( 5 4 ) .  A n a l .  C a lc d  f o r  C1 4 H2 3 N02 : C, 7 0 .8 9 ;  H, 9 . 7 0 ;  N, 5 . 9 1 .
Found**: C, 7 0 .3 8 ;  H, 1 0 .0 1 ;  N, 5 . 7 6 .
N , N - B i s [ 2 - h y d r o x y e t h y l ] - ( R ) - 1 - p h e n y l - l - a m i n o e t h a n e  ( 8 8 )
( R ) - ( + ) - a - m e t h y l b e n z y l a m i n e  ( 1 8 .1 5  g ,  0 .1 5  m ol)  and  ^ 0  (5  mL) 
w ere  p l a c e d  i n  a  3 - n e c k  ro u n d  b o t to m  f l a s k  e q u ip p e d  w i t h  a  m a g n e t i c  
s t i r r i n g  b a r ,  a  d r y  i c e / a c e t o n e  r e f l u x  c o n d e n s e r  and  a  c o l d  ( f ro m  a  
f r e e z e r )  a d d i t i o n  f u n n e l .  T h i s  m i x t u r e  was c o o le d  ( i c e - w a t e r )  t o  4-6°C. 
E t h y le n e  o x i d e  (1 5 .1 8  g ,  0 .3 4 5  m o l ) ,  w e ig h e d  i n  a  c o ld  ( f r e e z e r )  g r a d ­
u a t e d  c y l i n d e r  was a d d e d  d r o p w is e  o v e r  1 0  m in  d u r i n g  w h ic h  t im e  t h e  
r e a c t i o n  m i x t u r e  becam e a  c l e a r  s o l u t i o n .  The r e a c t i o n  m i x t u r e  was 
s t i r r e d  f o r  1  h ,  and  t h e n  t h e  i c e  b a t h  was rem oved and  i t  was s t i r r e d
* T h is  compound c r y s t a l l i z e d  upon  s t a n d i n g  i n  a  r e f r i g e r a t o r  f o r  s e v e r a l
m on ths  an d  a f t e r  i t  h ad  b e e n  u s e d  and  r e c y c l e d
**See th e  fo o tn o te  on page 100 .
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f o r  an  a d d i t i o n a l  23 h .  The r e a c t i o n  m i x t u r e  was c o n c e n t r a t e d  
( R o t a v a p o r ) , t o l u e n e  was a d d e d  t o  t h e  r e s i d u e ,  and  t h e  s o l u t i o n  was 
r e c o n c e n t r a t e d  t o  g i v e  3 0 .1 1  g o f  c r u d e  p r o d u c t .  T h is  was d i s t i l l e d  
t h r o u g h  a  s h o r t  p a t h  d i s t i l l a t i o n  a p p a r a t u s  t o  g i v e  2 0 .5 0  g (65%) o f  
p r o d u c t :  bp 159°C ( 0 .6 0  mm)-163°C ( 0 .6 5  mm); TLC R ^ = 0 .6 2 ,  and  a
s m a l l e r ,  b u t  s i g n i f i c a n t ,  s p o t  a t  R ^ = 0 .6 6 .  T h is  p r o d u c t  was r e d i s t i l l e d  
t h r o u g h  a  6 " V ig r e u x  co lum n t o  y i e l d  1 7 .1 6  g (57%) o f  t h e  a m i n o d io l :  
bp 160-163°C  ( 1 .2  mm); [ a ] 3° - 3 6 .2 1 6 °  (c  2 . 9 0 ;  CH2 C12 ) ; 1H NMR (CDC13 )
6  1 .4 1  ( d ,  3H, CH3 ) ,  2 .6 3  ( 2 t ,  4H, CH2 N ) , 3 .1 6  ( s ,  2H, OH), 3 .5 6  ( t ,
4H, CH2 0 ) ,  3 .9 7  ( q ,  1H, CHN), 7 .3 1  ( s ,  5H, P h ) ; 13C NMR (CDC13 ) 6  1 5 .4 4  
( q ) ,  5 2 .1 7  ( t ) ,  5 9 .3 2  (d )  , 6 0 .1 9  ( t ) , 1 2 6 .9 9  (d )  , 1 2 7 .8 5  ( d ) , 1 2 8 .1 8  
( d ) , 1 4 2 .7 0  ( d ) ; TLC R ^= 0 .51  and a  b a r e l y  v i s i b l e  s p o t  a t  R ^ = 0 .58 ;  
m ass s p e c t r u m ,  m /z  ( r e l  i n t e n s i t y )  2 0 9 ( 5 ) ,  1 9 4 ( 5 ) ,  1 7 8 ( 7 5 ) ,  1 0 5 ( 1 0 0 ) ,  
7 9 ( 2 0 ) ,  7 7 ( 2 5 ) ,  7 4 ( 7 1 ) .  A n a l .  C a lc d  f o r  c 12Hi 9 N02 : C’ 6 8  *9 0 ; H »
9 .0 9 ;  N, 6 . 7 0 .  F ound*: C, 6 8 .9 0 ;  H, 9 . 5 5 ;  N, 6 . 6 0 .
N ,N - B is [ (R )- 2 - h y d r o x y - 2 - p h e n y l e t h y l ] - 1 - a m i n o b u t a n e
n - B u ty la m in e  ( 4 .3 8  g ,  0 .0 6  m o l ) ,  H20 (17 mL) and  ( R ) - ( + ) - s t y r e n e
0 0  n
o x i d e ,  toi]^ 2 9 .2 6  ( n e a t ) ,  ( 1 4 .4  g ,  0 .1 2  m o l)  w e re  a d d ed  t o  a  100 mL 
ro u n d  b o t to m  f l a s k  e q u ip p e d  w i t h  a  m a g n e t i c  s t i r r i n g  b a r  and  a  r e f l u x  
c o n d e n s e r .  The f l a s k  was f l u s h e d  w i t h  n i t r o g e n  and  t h e  r e a c t i o n  was 
s t i r r e d  17 h .  The m i x t u r e  was c o n c e n t r a t e d  ( R o t a v a p o r ) , t o l u e n e  was 
added  and  t h e  s o l u t i o n  was r e c o n c e n t r a t e d .  The c r u d e  p r o d u c t  was 
d i s t i l l e d  t h r o u g h  a  m ic r o  s h o r t  p a t h  d i s t i l l a t i o n  a p p a r a t u s  t o  y i e l d  
1 2 .2 5  g o f  p r o d u c t :  bp  220 -225°C  ( 0 .9 5  mm); [ a ] 3 4 - 9 3 . 1 2 °  (c  1 . 8 9 ;
CH2 C12) ;  'hi NMR (CDC13 ) 6  0 .9 0  (m, 3H, CH3 ) , 1 .3 7  (m, 4H, CH2) , 2 . 3 2 -
*See th e  fo o tn o te  on page 100 .
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2 .8 6  ( d ,  5 .5 H ,  CH2 N ) , 3 . 6 6  ( s ,  2H, OH), 4 . 7  ( t ,  1 .8 H ,  CHO), 7 .3 0  ( s ,
10H, Ph) a l s o  3 .8 0  ( s m a l l  t ,  0 .6 5 H , p r o b a b l y  d u e  t o  CHN r e s u l t i n g  f rom
am ine  a t t a c k  a t  t h e  2 °  c a r b o n  o f  t h e  o x i d e ) ; TLC ( s i l i c a  g e l / E t 2 0 ) ,
R ^=0 .65  p l u s  4 o t h e r  s m a l l e r  s p o t s  a t  R^=0, 0 . 1 0 ,  0 .2 1  and  0 . 7 6 .
Due t o  t h e  p r e s e n c e  o f  i m p u r i t i e s  t h a t  a p p a r e n t l y  c o u ld  n o t  be
rem oved v i a  d i s t i l l a t i o n ,  some ( 7 .6 6  g) o f  t h e  a b o v e  p r o d u c t  was
c h ro m a to g ra p h e d  t h r o u g h  s i l i c a  g e l  (350  g )  (co lu m n :  3 . 8  x  50 cm) w i t h
e t h e r .  30 F r a c t i o n s  ( c a .  20 mL e a c h  @ c a .  2mL/min) w e re  c o l l e c t e d .
F r a c t i o n s  1 7 -2 8  w e re  co m b in e d ,  f i l t e r e d  t h r o u g h  a  f i n e  g l a s s  f r i t  t h e n
c o n c e n t r a t e d  ( R o ta v a p o r )  t o  y i e l d  7 .3 5  g o f  m a t e r i a l  (96% r e c o v e r y ) :
[ a ] ^ ° - 8 7 .5 °  ( c  2 . 4 ;  CH2 C12) ; NMR (CDC13 ) i d e n t i c a l  t o  t h a t  g iv e n
a b o v e  ( f u r t h e r  a n a l y s i s  o f  t h e  i n t e g r a t i o n  i n d i c a t e d  t h a t  t h e  i s o m e r
r e s u l t i n g  f rom  am ine  a t t a c k  a t  t h e  2 °  c a rb o n  o f  t h e  o x i d e  was p r e s e n t
13t o  t h e  e x t e n t  o f  c a .  8.4% o f  t h e  p r o d u c t ) ;  C NMR (CDCl^) 6  1 4 .0 3  (q )  , 
2 0 .4 8  ( t ) ,  2 8 .9 8  ( t ) , 5 4 .9 3  ( t )  , 6 2 .9 5  ( t )  , 7 0 .7 5  ( d ) , 1 2 5 .9 0 ,  1 2 7 .4 2 ,  
1 2 9 .2 9 ,  1 4 2 .4 8  and  13 m ore  s m a l l  p e a k s  v e r i f y i n g  t h e  p r e s e n c e  o f  t h e  
p r e v i o u s l y  m e n t io n e d  i s o m e r ;  TLC ( s i l i c a  g e l / E t 2 0) o n e  s p o t  a t  R ^ = 0 .4 9 .  
A n a l .  C a lc d  f o r  * - '2 0 ^ 2 7 ^ 2 : 7 6 .6 8 ;  H, 8 . 6 3 ;  N, 4 . 4 7 .  F ound*: C,
7 7 .2 1 ;  H, 8 . 7 2 ;  N, 4 . 8 5 .
R eco v e ry  o f  Used L ig a n d s
The s t a n d a r d  p r o c e d u r e  u s e d  t o  r e c o v e r  u s e d  l i g a n d s  i s  e x e m p l i f i e d  
i n  t h e  f o l l o w i n g  r e c o v e r y  o f  t h e  t e r t - b u t y l a m i n o d i o l .
The a q u e o u s  l a y e r s  f rom  s e v e r a l  r e a c t i o n s  w e re  m ade b a s i c  w i t h  
15% NaOH ( o r  KOH p e l l e t s )  t h e n  e x t r a c t e d  o v e r n i g h t  w i t h  e t h e r .  Con­
c e n t r a t i o n  o f  t h e  s o l u t i o n  i n  t h e  c o l l e c t i o n  f l a s k  a f f o r d e d  a  p a l e  
y e l l o w  o i l .  T h i s  was d i s t i l l e d  t h r o u g h  a  1 . 5 "  V ig r e u x  colum n to  y i e l d
*See th e  fo o tn o te  on page 100 .
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1 4 .9 6  g o f  t h e  a m i n o d io l  w h ic h  had  c h a r a c t e r i s t i c s  i d e n t i c a l  t o  t h o s e  
o f  t h e  n ew ly  p r e p a r e d  l i g a n d .  T h i s  a c c o u n t e d  f o r  82% o f  a l l  t h e  t e r t -  
b u t y l a m i n o d i o l  t h a t  h a d  b e e n  u s e d .  T h e re  was no i n d i c a t i o n  o f  r a c e -  
m i z a t i o n  i n  an y  o f  t h e  r e c o v e r e d  c a r b i n o l a m i n e s .
6 - T r  i d e c y n e - 8 - o l
n - B u t y l  l i t h i u m  i n  h e x a n e  ( 1 .5 5  M, 1 9 3 .5  mL, 0 .3 0  m o l)  was 
added  d r o p w is e  u n d e r  n i t r o g e n  t o  a  s o l u t i o n  o f  f r e s h l y  d i s t i l l e d  h e p ty n e  
(2 8 .7  g ,  0 .3 0  m ol)  i n  THF (510  m L ) , d i s t i l l e d  f rom  b e n z o p h en o n e  k e t y l ,  
a t  room t e m p e r a t u r e .  Gas was e v o l v e d ,  t h e  t e m p e r a t u r e  r o s e  s l i g h t l y  
and a  c l e a r  y e l l o w  s o l u t i o n  was p r o d u c e d .  T h is  s o l u t i o n  was s t i r r e d  
b r i e f l y  u n t i l  a l l  g a s  e v o l u t i o n  a p p e a r e d  t o  h a v e  c e a s e d  and  was t h e n  
c o o le d  w i t h  a  d r y  i c e / a c e t o n e  b a t h .  A s o l u t i o n  o f  f r e s h l y  d i s t i l l e d  
h e x a n a l  ( 3 0 .0  g .  0 .3 0  m ol)  i n  THF (90  mL) was a d d ed  d r o p w i s e .  When 
t h e  a d d i t i o n  h a d  b e e n  c o m p l e t e d , t h e  y e l l o w  c o l o r  h ad  d i s a p p e a r e d .
The c o o l i n g  b a t h  was rem oved and t h e  r e a c t i o n  was s t i r r e d  f o r  1 h .
^ 0  ( c a .  50 mL) was a d d e d ,  t h e  l a y e r s  w e re  s e p a r a t e d  and  t h e  o r g a n i c  
l a y e r  was w ashed  3 t im e s  w i t h  ^ 0  t h e n  d r i e d  (Na 2 S0 ^) and  c o n c e n t r a t e d  
( R o ta v a p o r )  t o  g i v e  6 0 .0  g o f  m a t e r i a l .  T h i s  r e s i d u e  was d i s t i l l e d  
th r o u g h  a  4 "  V ig r e u x  co lum n t o  y i e l d  4 8 .7 0  g (83%) o f  t h e  a c e t y l e n i c  
a l c o h o l :  bp 103-105°C  ( 0 .6 0  mm); IR  ( n e a t )  3320 cm ^ (OH) , 2220 (w eak ,
C=C); NMR (CDC13) 6  0 .9 1  ( t ,  6 H, OLj) , 1 . 0 6 - 1 . 9 0  (m, 4H, CH2) , 2 .2 0  
(m, 2H, CH2 C=C), 2 .7 3  ( s , 1H, OH), 4 .4 0  ( b ro a d  t ,  1H, CHO); 13C NMR 
(CDCl^) 6  1 4 .0 3  ( q ) ,  1 8 . 8 0 ,  2 2 . 3 2 ,  2 2 . 7 0 ,  2 5 . 0 8 ,  2 8 .5 5 ,  3 1 . 2 0 ,  3 1 .6 9  
and 3 8 .3 0  ( t ) , 6 2 .6 8  (d) , 8 1 .7 5  ( s )  , 8 5 .2 2  ( s )  .
V 112Propyne
Dry ( o v e r  Na) b i s ( 2 - m e t h o x y e t h y l )  e t h e r  (200 mL) was p l a c e d  i n  
a  3 - n e c k  ro u n d  b o t to m  f l a s k  e q u ip p e d  w i t h  a  m e c h a n ic a l  s t i r r e r  and  a
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r u b b e r  se p tu m  c a p .  The f l a s k  was f l u s h e d  w i t h  n i t r o g e n  t h e n  c o o le d  
( d r y  i c e / C C l ^ ) .  LAH ( 1 9 .0  g ,  0 . 5  m o l)  was a d d e d  i n  p o r t i o n s  w i t h  s t i r ­
r i n g .  When t h e  LAH a d d i t i o n  had  b e e n  n e a r l y  c o m p le te d ,  t h e  r e a c t i o n  
m i x t u r e  s u d d e n ly  s o l i d i f i e d  and  s to p p e d  t h e  m e c h a n ic a l  s t i r r e r .  An 
a d d i t i o n a l  150 mL o f  d ig ly m e  w e re  added  s lo w ly  and t h e  s o l i d  was b r o k e n  
up by m a n u a l ly  o p e r a t i n g  t h e  s t i r r e r . The s l u r r y  was b r i e f l y  s t i r r e d  
t o  f u r t h e r  b r e a k  up t h e  lum ps o f  LAH. A d o u b le - e n d e d  s t a i n l e s s  s t e e l  
n e e d l e  was i n s e r t e d  t h r o u g h  t h e  se p tu m . The o t h e r  end was i n s e r t e d  
i n t o  a  d r y  i c e / a c e t o n e  c o o le d  g r a d u a t e d  c o l l e c t i o n  t u b e  t h a t  had  b e e n  
v e n te d  th r o u g h  a  n i t r o g e n  b u b b l e r .  P r o p a r g y l  b ro m id e  ( 2 0 % i n  t o l u e n e ,
7 4 .4  g ,  0 .5  m ol) i n  d r y  d ig ly m e  (75 mL) was added  d r o p w i s e .  C o o l in g  
was s t i l l  n e c e s s a r y  d u e  t o  t h e  amount o f  h e a t  t h a t  was e v o lv e d .  As 
t h i s  a d d i t i o n  p r o c e e d e d ,  t h e  LAH b r o k e  up u n t i l  i t  was a  f i n e l y  d i v i d e d  
s u s p e n s i o n .  When t h e  a d d i t i o n  had  b e e n  c o m p le te d ,  t h e  m i x t u r e  was h e a t ­
ed s lo w ly  f o r  c a .  4 -5  h  u n t i l  t h e  amount o f  g a s  e v o l u t i o n  was n e g l i g i b l e  
and a  t o t a l  o f  21 mL (74%) o f  p r o p y n e  had  b e e n  c o l l e c t e d .  The c o o le d  
( d r y  i c e / C C l ^ )  r e a c t i o n  m i x t u r e  was h y d r o ly z e d  by  a d d in g  H^O (19 mL) 
d r o p w is e .  A f t e r  s t i r r i n g  o v e r n i g h t ,  15% NaOH (19  mL) t h e n  H^O (57 mL) 
w ere  a d d e d .  The r e a c t i o n  m i x t u r e  was s t i l l  g r e y  a f t e r  a l l  g a s  e v o l u t i o n  
had  c e a s e d .  Upon h e a t i n g  i t  t u r n e d  w h i t e  and was d i s p o s e d  o f .
6 - Me t h y 1 - 2 - h e p t y n - 4 - o 1
P ro p y n e  (21  mL, c a .  0 .3 7  m ol)  was a l lo w e d  t o  d i s t i l  ( b u b b le )  
i n t o  a  h e x a n e  s o l u t i o n  o f  n - b u t y l  l i t h i u m  ( 1 . 6  M, 156 mL, 0 .2 5  m ol) 
a t  room t e m p e r a t u r e  u n d e r  n i t r o g e n .  The r e a c t i o n  s o l u t i o n  im m e d ia te ly  
becam e y e l l o w  an d  warm an d  a  p r e c i p i t a t e  b e g a n  t o  fo rm .  THF (250  mL) , 
d i s t i l l e d  f ro m  b e n z o p h en o n e  k e t y l ,  was added  s lo w ly  a s  t h e  p ro p y n e  was 
b e in g  a d d e d .  The r e a c t i o n  m i x t u r e  t u r n e d  b ro w n . A w a t e r  b a t h  was a d d ­
ed a t  t h i s  t i m e .  The c o l o r  had  l i g h t e n e d  c o n s i d e r a b l y  by  t h e  t im e  a l l
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t h e  THF had  b e e n  a d d ed  a l t h o u g h  t h e  p r e c i p i t a t e  n e v e r  d i s s o l v e d .  A l l  
o f  t h e  p r o p y n e  was b u b b le d  i n t o  t h e  m i x t u r e ,  b u t  no g a s  ( i . e  p r o p y n e  
o r  b u t a n e )  was e v o l v e d .  THF (400 mL) was added  b u t  t h e  p r e c i p i t a t e  
s t i l l  d i d  n o t  d i s s o l v e .  A s o l u t i o n  o f  f r e s h l y  d i s t i l l e d  i s o v a l e r a l d e -  
h yde  ( 2 1 .5  g ,  0 .2 5  m o l)  i n  THF ( c a .  90 mL) was ad d ed  d r o p w i s e .  The 
y e l l o w  c o l o r  d i s a p p e a r e d  b u t  r e t u r n e d  w hen ev e r  t h e  r a t e  o f  a d d i t i o n  was 
v e r y  s lo w .  A d d i t i o n  was s to p p e d  when c a .  1 /3  o f  t h e  a ld e h y d e  s o l u t i o n  
had  b e e n  added  and  t h e  r e a c t i o n  m i x t u r e  was r e f l u x e d  b r i e f l y .  Gas 
was e v o lv e d ;  a  deep  y e l l o w  c o l o r  a p p e a r e d ,  b u t  t h e  p r e c i p i t a t e  d i d  n o t  
d i s s o l v e .  The r e a c t i o n  m i x t u r e  was c o o le d  w i t h  a  w a t e r  b a t h  an d  
a d d i t i o n  o f  t h e  a ld e h y d e  s o l u t i o n  was c o n t i n u e d .  When a l l  o f  t h e  
a ld e h y d e  s o l u t i o n  had  b e e n  a d d e d ,  t h e  r e s u l t i n g  c l e a r  brown s o l u t i o n  
was s t i r r e d  f o r  1 h  m o re .  ^ 0  ( c a .  50 mL) was added  d r o p w i s e ,  t h e  
m i x t u r e  was s t i r r e d  b r i e f l y  t h e n  e x t r a c t e d  4 t im e s  w i t h  ^ 0  (250  mL) .
The o r g a n i c  l a y e r  was d r i e d  (Na 2 S0^) and c o n c e n t r a t e d  ( R o ta v a p o r )  t o  
g i v e  2 8 .2  g o f  c r u d e  p r o d u c t .  T h is  was d i s t i l l e d  t h r o u g h  a  1 . 5 "  V ig r e u x  
colum n t o  a f f o r d  2 2 .1 6  g (70%) o f  t h e  a c e t y l e n i c  a l c o h o l :  bp 7 5 .5 - 8 0 .5 ° C
( 7 .2 0  mm) [ l i t . 1 0 2  bp 60°C (3 m m)]; IR ( n e a t )  3340 cm- 1  (OH), 2230 
(w e a k ,  C=C) ; ^  NMR (CDClg) 6  0 .9 3  ( d ,  6 H, CH3) , 1 .5 4  (m, CH2  an d  CH) 
and 1 .8 6  ( s ,  CH3 C-C) ( 6 H ) , 2 .5 2  ( s ,  1H, OH), 4 .4 0  ( t ,  1H, CHO); 13C 
NMR (CDC13 ) 6  3 .4 7  ( q ) , 2 2 .5 9  (q )  , 2 4 .8 7  (d )  , 4 7 .2 9  ( t )  , 6 1 .1 6  ( d ) ,
8 0 .6 1  ( s ) , 8 0 .9 9  ( s ) .
109T e r t - b u t y l  P h e n y l  K e to n e
A s o l u t i o n  o f  t e r t - b u t y l  c h l o r i d e  ( 1 8 5 .2  g ,  2 m ol)  i n  d r y  e t h e r  
(300 mL) was a d d ed  o v e r  2 h  t o  a n  i c e - w a t e r  c o o le d  m i x t u r e  o f  Mg ( 4 8 .6  g ,  
2 m ol)  i n  d r y  e t h e r  (500  m L ) . The r e a c t i o n  m i x t u r e  was t h e n  s t i r r e d  
an  a d d i t i o n a l  7 .5  h  u n d e r  n i t r o g e n .  A f t e r  t h e  s o l i d  m a t e r i a l  had
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s e t t l e d  t o  t h e  b o t to m  o f  t h e  f l a s k ,  t h e  s o l u t i o n  was a d d e d  i n  
p o r t i o n s  o v e r  0 . 5  h  v i a  s t a i n l e s s  s t e e l  n e e d l e  t h r o u g h  a  f r i t t e d  g l a s s  
f i l t e r  t o  a  m i x t u r e  o f  b e n z o n i t r i l e  (103  g ,  1 m o l)  and  CuCl ( 2 . 5  g ,  25 
mmol) i n  d r y  e t h e r  (250  m L ). The s o l i d  r e s i d u e  f ro m  t h e  G r i g n a r d  
r e a g e n t  was w ashed  w i t h  d r y  e t h e r  (500  mL) and  t h e  w ash  was added  
t o  t h e  r e a c t i o n  m i x t u r e  i n  t h e  same m anner  a s  a b o v e .  The m i x t u r e  was 
r e f l u x e d  u n d e r  n i t r o g e n  f o r  2 h .  3 N HC1 (1  L) was a d d e d  and  t h e  
m i x t u r e  was r e f l u x e d  f o r  a n  a d d i t i o n a l  1 .5  h .  The a q u e o u s  an d  o r g a n i c  
l a y e r s  w e re  s e p a r a t e d  and  t h e  a q u e o u s  l a y e r  was e x t r a c t e d  3 t im e s  w i t h  
250 mL o f  e t h e r . The o r g a n i c  l a y e r  and  w a s h in g s  w e re  com bined  and w a sh ­
ed 3 t im e s  w i t h  ^ 0  (250  mL) t h e n  d r i e d  (Na 3 S0^) . E v a p o r a t i o n  o f  t h e  
s o l v e n t  (R o ta v a p o r )  a f f o r d e d  1 5 4 .2  g o f  p a l e  y e l l o w  l i q u i d  w h ic h  was 
d i s t i l l e d  t h r o u g h  a  10"  colum n p a c k e d  w i t h  c o p p e r  m esh t o  g i v e  1 2 4 .8 5  g 
(77%) o f  t h e  k e t o n e :  bp 48 -55°C  ( 0 .3 2  mm) [ l i t . ^ ^ b p  5 1 - 5 6 ° C ( 0 .4  mm)]
NMR (CDC13 ) 6  1 .3 3  ( s , 9H, CH3 ) , 7 . 2 3 - 7 . 7 5  (2m, 5H, P h ) ; GC i n d i c a t e d  
t h e  p r e s e n c e  o f  a  t r a c e  o f  b e n z o n i t r i l e .
6 - M e th y l - 2 - h e p t y n - 4 - o n e - T h e  P r e p a r a t i o n  o f  A c e t y l e n i c  K e to n e s
113A c e t y l e n i c  k e t o n e s  w e re  p r e p a r e d  v i a  t h e  J o n e s  o x i d a t i o n  o f  
t h e  c o r r e s p o n d in g  a l c o h o l s .  The m ethod  i s  t y p i f i e d  by t h e  p r e p a r a t i o n  
o f  6 - m e t h y l - 2 - h e p t y n - 4 - o n e  w h ic h  f o l l o w s :
A s o l u t i o n  o f  Cr03 (1 3 .0 5  g ,  0 .1 3 0 5  m ol)  and  c o n c e n t r a t e d  
(11 mL) i n  H^O (38 mL) was added  d r o p w is e  u n d e r  n i t r o g e n  o v e r  2 h 
t o  a  c o o le d  ( 5 - 1 0 ° C ) , s t i r r e d  s o l u t i o n  o f  6 - m e t h y l - 2 - h e p t y n - 4 - o l  ( 1 9 .0 6  g ,  
0 .1 5 1  m ol)  i n  a c e t o n e  (38 m L ). When t h e  a d d i t i o n  h ad  b e e n  c o m p le te d ,  
t h e  m i x t u r e  was s t i r r e d  f o r  a n  a d d i t i o n a l  h o u r * ,  d i l u t e d  w i t h  1 ^ 0
*More t im e  i s  r e q u i r e d  w i t h  some s u b s t r a t e s . S t i r r i n g  s h o u ld  b e  c o n ­
t i n u e d  u n t i l  a l l  t r a c e s  o f  r e d  C r(V I)  h a v e  d i s a p p e a r e d .
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(240  mL) t h e n  e x t r a c t e d  3 t im e s  w i t h  e t h e r  (100  m L ) . The com bined  
e x t r a c t s  w e re  w ashed  2 t i m e s  w i t h  s a t u r a t e d  NaHCO^ s o l u t i o n  (60  mL) 
and o n c e  w i t h  1^0  (60  m L ) , t h e n  d r i e d  (Na 2 S0^) and  c o n c e n t r a t e d  ( R o t a -  
v a p o r )  t o  g i v e  1 5 .9 6  g o f  c r u d e  p r o d u c t  w h ic h  was d e t e r m i n e d  t o  c o n ­
t a i n  no a l c o h o l * *  v i a  NMR. T h i s  was d i s t i l l e d  t h r o u g h  a  1 . 5 "  V ig r e u x  
colum n t o  y i e l d  1 3 .2 1  g (71%) o f  t h e  a c e t y l e n i c  k e t o n e :  bp 65 -69°C
6 .5  mm); IR ( n e a t )  2220 cm" 1  (CEC) , 1673 (c=o) ; 1H NMR (CDC13 ) 6  0 .9 6
( d ,  6 .2 5  II, CH3 ) , 2 .0 5  ( s ,  3H, CILjCHC) , 2 .3 6  (m, 2 .7 2 H ,  CH and  CHp
13(The i n t e g r a t i o n  was d i f f i c u l t  t o  d e t e r m i n e  a c c u r a t e l y . )  C NMR 
(CDC13 ) 6  2 2 .4 3  ( q ) , 2 5 .1 4  ( d ) , 5 4 .4 5  ( t )  , 8 0 .6 1  ( s )  8 9 .6 0  (q )  , 1 8 7 .8 2  
( s )  .
l - 0 c t y n - 3 - o n e
113T h is  k e t o n e  p r e p a r e d  v i a  t h e  J o n e s  o x i d a t i o n  o f  l - o c t y n - 3 - o l  
( 1 6 .7 6  g ,  0 .1 3 3  m ol) a s  d e s c r i b e d  p r e v i o u s l y :  Y i e l d ,  1 0 .5 6  g ,  64%;
bp 5 9 .5 - 6 1 .5 ° C  ( 7 . 0  mm) [ l i t . 114bp 92-95°C  (46 m m )]; IR ( n e a t )  3250 
cm- 1  (H-C-C) . 2090 (CHC) , 1675 (C = 0 ) ; NMR (CDCl3 ) 6  0 . 6 8 - 2 . 0 3  (m,
9H, CH2 , and  CH3 ) , 2 .5 7  ( t ,  2H, CH2 C 0 ) , 3 .3 0  ( s ,  1H, HC=C); 13C NMR 
(CDC13 ) 6  1 3 .8 1  ( q ) ,  2 2 .3 7  ( t )  , 2 3 .5 1  ( t ) , 3 1 .1 0  ( t ) , 4 5 .4 5  ( t )  , 7 8 .4 4  
( d ) ,  8 1 .5 3  ( d ) ,  1 8 7 .4 0  ( s ) .
6 - T r i d e c y n - 8 -o n e
113T h is  k e t o n e  was p r e p a r e d  v i a  t h e  J o n e s  o x i d a t i o n  o f  6 - t r i d e c -  
y n - 8 - o l  (25 g ,  0 .1 2 8  m ol)  a s  d e s c r i b e d  p r e v i o u s l y :  Y i e l d  1 4 .3 9  g (57% );
bp 104-109°C  ( 1 .9 0  mm); IR  ( n e a t )  2215 cm- 1  (C=C) , 1675 (C=0) ; 1H NMR 
(CDC13 ) 6  0 .9 1  ( t ,  CH3 ) and  1 .4 1  (b ro a d  m, CH2) ( 1 8 H ) ; 2 .3 2  an d  2 .5 2  
( 2 t , 4H CH2 C0 an d  CH2 C=C); 13C NMR (CDC13) 6  1 3 .9 2  (q )  , 1 8 .9 6  ( t )  ,
* * I f  t h e  o x i d a t i o n  h a s  b e e n  i n c o m p l e t e ,  t h e  c r u d e  p r o d u c t  may be  r e ­
o x i d i z e d .  The a p p r o p r i a t e  am ount o f  o x i d i z i n g  a g e n t  c a n  b e  c a l c u l a t e d  
f rom  t h e  amount o f  a l c o h o l  p r e s e n t  a s  d e t e r m i n e d  v i a  t h e  NMR.
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2 2 .2 1  ( t ) ,  2 2 .5 4  ( t )  , 2 4 .0 0  ( t )  , 2 7 .6 3  ( t )  , 3 1 .1 5  ( t ) , 3 1 .3 1  ( t ) ,
4 5 .6 1  ( t )  8 1 .0 5  ( s ) ,  9 3 .9 4  ( s ) , 1 8 8 .1 5  ( s )  .
H y d r id e  R e d u c t io n s
R e d u c t io n  o f  2 -M e th y lc y c lo h e x a n o n e  w i t h  TIPABH
A s o l u t i o n  o f  2 - m e th y lc y c lo h e x a n o n e  ( 1 .1 2  g ,  10 mmol) i n  d r y  THF 
(20 mL) was added  u n d e r  n i t r o g e n  t o  a  THF s o l u t i o n  o f  TIPABH (15 mL,
8 .2  mmol) i n  a n  o v e n - d r i e d  125 mL E r le n m e y e r  f l a s k  e q u ip p e d  w i t h  a  
m a g n e t ic  s t i r r i n g  b a r  and  a  sep tum  c a p .  The r e s u l t i n g  s o l u t i o n  was 
s t i r r e d  f o r  18 h .  H y d r o c h l o r i c  a c i d  (40  mL o f  1 H s o l u t i o n )  was added  
and t h e  m i x t u r e  was s t i r r e d  f o r  c a .  5 m in .  E t h e r  (30 mL) was added  
and t h e  l a y e r s  w e re  s e p a r a t e d .  The aq u e o u s  l a y e r  was e x t r a c t e d  3 t im e s  
w i t h  e t h e r  (20  mL) and t h e  com bined  o r g a n i c  l a y e r s  w e re  w ashed  3 t im e s  
w i t h  ^ 0  (50  m L ), d r i e d  (Na 2 S0 ^) and  c o n c e n t r a t e d  (R o ta v a p o r )  t o  g i v e  
0 .8 1  g o f  c r u d e  p r o d u c t .  T h is  was d i s t i l l e d  t h r o u g h  a  m ic r o  s h o r t  
p a t h  d i s t i l l a t i o n  a p p a r a t u s  to  y i e l d  0 .4 5  g o f  m a t e r i a l :  bp 30°C
(0 .1 0  mm); GC i n d i c a t e d  89% a l c o h o l  c o n t a i n i n g  72% o f  t h e  c i s  i s o m e r .  
R e d u c t io n  o f  2 - M e th y lc y c lo h e x a n o n e  w i t h  KTPBH
The p r o c e d u r e  was i d e n t i c a l  t o  t h a t  u s e d  t o  r e d u c e  t h e  same s u b ­
s t r a t e  w i t h  TIPABH e x c e p t  a s  f o l l o w s :  33 mL (10 mmol) o f  t h e  KTPBH
s o l u t i o n  w e re  u s e d  and  t h e  r e a c t i o n  was a l l o w e d  t o  go f o r  o n ly  1 2  h .  
H y d r o c h lo r i c  a c i d  (5%) was a d d ed  u n t i l  t h e  pH o f  t h e  r e a c t i o n  m i x t u r e  
was c a .  2 (w e t  pH p a p e r )  . The l a y e r s  w e re  s e p a r a t e d  and  t h e  aq u e o u s  
l a y e r  was e x t r a c t e d  2 t im e s  w i t h  20 mL o f  e t h e r . The o r g a n i c  l a y e r s  
w ere  c o m b in e d ,  w ashed  2 t im e s  w i t h  20 mL o f  ^ 0  t h e n  d r i e d  (Na 2 S0 ^) 
and c o n c e n t r a t e d  ( R o ta v a p o r )  t o  g i v e  1 .1 5  g o f  r e s i d u e .  D i s t i l l a t i o n  
a f f o r d e d  0 .5 5  g o f  m a t e r i a l :  bp 32-35°C  ( 0 .1 5  mm); GC i n d i c a t e d  93%
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a l c o h o l  c o n t a i n i n g  89% o f  t h e  c i s  i s o m e r .
R e d u c t io n  o f  P r o p io p h e n o n e  w i t h  (S.,S.,S) -TIPABH
An (S ,S. ,S)-TIPA B h y d r i d e  s o l u t i o n  (12 mL, 2 .2 8  mmol) and  a  THF
wash ( 6  mL) o f  t h e  f l a s k  c o n t a i n i n g  i t ( s e e  t h e  p r e v i o u s  p r e p a r a t i o n  o f
t h e  h y d r i d e  s o l n )  w e re  ad d ed  v i a  s y r i n g e  t o  a n  o v e n - d r i e d ,  ro u n d  b o t to m
f l a s k  f l u s h e d  w i t h  n i t r o g e n  and e q u ip p e d  w i t h  a  m a g n e t i c  s t i r r e r  and  a
sep tum  c a p .  A s o l u t i o n  o f  p r o p io p h e n o n e  ( 0 .6 7  g ,  5 mmol) i n  d r y  THF
(5 mL) was added  v i a  s t a i n l e s s  s t e e l  n e e d l e  ( f o l l o w e d  by a  5 mL THF
w a s h ) . The r e s u l t i n g  s o l u t i o n  was s t i r r e d  a  t  room t e m p e r a t u r e  f o r  24 h
H y d r o c h lo r i c  a c i d  (40 mL o f  1 M s o l u t i o n )  was a d d ed  and  t h e  m i x t u r e
was s t i r r e d  f o r  c a .  5 m in .  E t h e r  (30 mL) was added  and  t h e  l a y e r s
w ere  s e p a r a t e d .  The a q u e o u s  l a y e r  was e x t r a c t e d  3 t im e s  w i t h  e t h e r
(20 mL) and t h e  com bined  o r g a n i c  l a y e r s  w e re  w ashed  3 t im e s  w i t h  ^ 0
(50 mL) d r i e d  (Na 2 S0 ^ )  and  c o n c e n t r a t e d  t o  g i v e  0 .7 0  g o f  m a t e r i a l .
GC showed 38% a l c o h o l :  (83% o f  t h e o r e t i c a l  b a s e d  on h y d r i d e  u s e d )  and
t r a c e s  o f  v o l a t i l e  i m p u r i t i e s ;  NMR (CDCl^) showed c a .  33-44% a l c o h o l
and no i m p u r i t i e s  o t h e r  t h a n  k e t o n e .  S i n c e  s m a l l  am oun ts  o f  s o l i d
i m p u r i t i e s  a p p e a r e d  t o  b e  p r e s e n t ,  t h e  c r u d e  p r o d u c t  and  t h e  NMR sam p le
w e re  c o m b in e d ,  t a k e n  up i n  e t h e r ,  and  f i l t e r e d  th r o u g h  a  g l a s s  wool
p i p e t  p l u g .  C o n c e n t r a t i o n  (R o ta v a p o r )  a f f o r d e d  0 .5 8  g (85%) o f  p r o d u c t :
24 oGC showed 37% a l c o h o l  w i t h  a  t r a c e  o f  e t h e r ;  t a ] ^  7 .0 1  ( c  3 8 . 5 ;  PhCOEt) 
14% e e  b a s e d  on  [a ]^ m ax  5 1 .2 2 °  from  f i g u r e  1 2 .
R e d u c t io n  o f  K e to n e s  w i t h  A m in o d io l  M o d i f i e d  LAH 
P r o c e d u r e  A
The r e d u c t i o n  o f  p r o p io p h e n o n e  i s  e x e m p la ry .
Dry e t h e r  (100  mL) was p l a c e d  i n  a  250 mL, 3 - n e c k ,  ro u n d  b o t to m  
f l a s k ,  f l u s h e d  w i t h  n i t r o g e n  and  e q u ip p e d  w i t h  a  m a g n e t i c  s t i r r i n g  b a r
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r e f l u x  c o n d e n s e r  and  a n  a d d i t i o n  f u n n e l .  LAH ( 0 .2 4  g ,  6 . 0  mmol) was
a d d ed  f o l l o w e d  by a n  a d d i t i o n a l  50 mL o f  d r y  e t h e r  t o  wash t h e  l a s t
t r a c e s  o f  LAH i n t o  t h e  f l a s k .  The r e s u l t i n g  s u s p e n s i o n  was s t i r r e d
u n t i l  a  f a i r l y  c l e a r  g r e y  s o l u t i o n  was o b t a i n e d  ( a p p r o x i m a t e l y  0 .5  h ) .
A s o l u t i o n  o f  t h e  a m i n o d io l  ( 6 . 4  mmol) i n  d r y  e t h e r  (25 mL) was added
d r o p w is e  o v e r  2 -5  m in .  T h e re  was a n  im m e d ia te  e v o l u t i o n  o f  g a s .  The
s o l u t i o n  was s t i r r e d  f o r  2 -5  m in  b e f o r e  a  s o l u t i o n  o f  p ro p io p h e n o n e
( 0 .6 7  g ,  5 mmol) i n  d r y  e t h e r  (25 mL) was a d d ed  d r o p w is e  o v e r  2 -5  m in .
A f t e r  s t i r r i n g  f o r  20 h  t h e  r e a c t i o n  m i x t u r e  was h y d r o ly z e d  by t h e
d r o p w is e  a d d i t i o n  o f  25 mL o f  ^ 0  ( c o n c o m i t a n t  g a s  e v o l u t i o n ) . The
o r g a n i c  l a y e r  was w ashed  3 t im e s  w i t h  1 N HCl (25 m L ) , o n c e  w i t h  ^ 0
(25 m L ), d r i e d  (Na 2 SQ^) and c o n c e n t r a t e d  ( R o t a v a p o r ) . The r e s i d u e  was
d i s t i l l e d  t h r o u g h  a  m ic ro  s h o r t  p a t h  d i s t i l l a t i o n  a p p a r a t u s  t o  y i e l d
0 .5 7  g o f  c r u d e  p r o d u c t .  T h is  was a n a ly z e d  v i a  GC f o r  % r e d u c t i o n
p r i o r  t o  t h e  m e a su re m e n t  o f  t h e  o p t i c a l  r o t a t i o n .
65 6 6P r o c e d u r e  B ( M o s h e r 's  P r o c e d u r e  * )
T h i s  was i d e n t i c a l  t o  p r o c e d u r e  A e x c e p t  f o r  t h e  f o l l o w i n g :
The t o t a l  vo lum e o f  e t h e r  u s e d  was o n ly  48 mL d i s t r i b u t e d  a s  
f o l l o w s :  LAH was a d d e d  t o  20 mL o f  e t h e r  and  w ashed  down w i t h  an  
a d d i t i o n a l  5 mL. The a m i n o d io l  was d i s s o l v e d  i n  20 mL o f  e t h e r  and 
added  t o  t h e  LAH s u s p e n s i o n  o v e r  2 m in .  The m i x t u r e  was s t i r r e d  f o r
2 -3  min and  t h e  k e t o n e ,  i n  3 mL o f  e t h e r ,  was a d d e d  d r o p w is e  v i a  
s y r i n g e .
The e t h e r e a l  LAH was c o o le d  t o  0 -5°C  b e f o r e  a d d i t i o n  o f  t h e  am ino­
d i o l  s o l u t i o n  and t h i s  t e m p e r a t u r e  was m a i n t a i n e d  f o r  t h e  f i r s t  15 h 
o f  t h e  r e a c t i o n .  The r e a c t i o n  was t h e n  a l l o w e d  t o  warm t o  room tem ­
p e r a t u r e  f o r  t h e  r e m a in in g  5 h  o f  t h e  r e d u c t i o n .
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69P r o c e d u r e  C ( B r in k m e y e r ' s  P r o c e d u r e  )
T h i s  was i d e n t i c a l  t o  p r o c e d u r e  A e x c e p t  f o r  t h e  f o l l o w i n g :
The t e m p e r a t u r e  o f  t h e  r e a c t i o n  was lo w e re d  t o  0 -5°C  p r i o r  t o  
t h e  a d d i t i o n  o f  t h e  a m i n o d io l  s o l u t i o n .  A f t e r  a d d in g  t h e  m o d i f i e r  
s o l u t i o n  o v e r  2 m in  and  s t i r r i n g  f o r  2 -3  m in  a s  i n  p r o c e d u r e  A, t h e  
t e m p e r a t u r e  was lo w e re d  t o  -78°C  o v e r  10 m in  t h e n  t h e  k e to n e  s o l u t i o n  
was a d d ed  s lo w ly  o v e r  c a .  0 .5  h .  The low t e m p e r a t u r e  was m a i n t a i n e d  
f o r  c a .  7 . 5  h  a t  w h ic h  t im e  t h e  m i x t u r e  was a l l o w e d  t o  warm t o  room 
t e m p e r a t u r e  f o r  t h e  r e m a in d e r  o f  t h e  r e a c t i o n .
P r o c e d u r e  D ( C o h e n 's  P r o c e d u r e ^ )
T h i s  was i d e n t i c a l  t o  p r o c e d u r e  A e x c e p t  f o r  t h e  f o l l o w i n g :
The e t h e r e a l  LAH was c o o le d  t o  0 -5°C  p r i o r  t o  a d d i t i o n  o f  t h e  
a m in o d io l  s o l u t i o n .  A f t e r  a d d i t i o n  o f  t h e  m o d i f i e r  s o l u t i o n  o v e r  2 
m in  and  s t i r r i n g  f o r  a n  a d d i t i o n a l  2 -3  m in ,  t h e  t e m p e r a t u r e  o f  t h e  
r e a c t i o n  was lo w e re d  t o  -78°C  o v e r  10 m in  and  t h e  k e to n e  s o l u t i o n  was 
a d d e d  o v e r  5 -1 0  m in .  T h i s  t e m p e r a t u r e  was m a i n t a i n e d  f o r  c a .  9 .5  h .
P r o c e d u r e  E ( S t a n d a r d  P r o c e d u r e )
T h i s  i s  t h e  s t a n d a r d  p r o c e d u r e  t h a t  was u s e d  i n  m o s t  o f  t h e  r e ­
d u c t i o n s .  I t  i s  i d e n t i c a l  t o  p r o c e d u r e  D ( C o h e n 's  p r o c e d u r e )  e x c e p t  
t h a t  t h e  k e to n e  was a d d e d  o v e r  o n ly  2 m in  an d  t h e  -78°C  t e m p e r a t u r e  
was m a i n t a i n e d  o n ly  f o r  a s  lo n g  a s  t h e  d r y  i c e / a c e t o n e  b a t h  l a s t e d  ( c a .  
7 h )  .
P r o c e d u r e  F
103T h is  i s  i d e n t i c a l  t o  p r o c e d u r e  E e x c e p t  t h a t  a  s t a n d a r d i z e d  
e t h e r e a l  s o l u t i o n  o f  LAH was u s e d  and s u f f i c i e n t  d r y  e t h e r  was added  
t o  b r i n g  t h e  vo lum e o f  t h e  L A H /e th e r  t o  150 mL a s  i n  p r o c e d u r e  A.
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